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PREFACE 


The following methods are given as works methods, and it must be clearly 
understood that the chemical methods used in the analysis of oils and fats 
can, from their nature, have no pretence to a degree of accuracy such as is 
usually found in inorganic work. The majority of the processes used in the 
analysis of oils are dependent on the use of solvents, and consequently the 
result obtained varies with the season of the year and many other factors. 
There has been a great tendency of late years towards building up theoretical 
foundations for the various methods used, and yet in commercial work 
products are obtained which cannot be made to yield concordant results in 
duplicate estimations, and also, as will be seen from the results given later, 
some of the processes which are supposed to be on settled bases give results 
which are quite inexplicable on the current theories. 

All the figures given are now published for the first time. I have not 
entered into theoretical discussions for the reasons given above, and it appears 
to me that workers are much needed who will consider their results without 
attempting to bind themselves to preconceived notions. 

G. F. PICKERING. 

Hobsforth, near Leeds, 

July mi. 
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SECTION I. 

RAMPLING, AND PREPARATION FOR ANALYSIS. 

Sampling. ■ -This must always be <lonc with tlic greatest care ; bad 
sampling has caused more ditrerenccs by far between buyer and seller than 
the use of dilierent methods of analysis. 

The samples in the oil trade vary from thin Iluids through semi-solids to 
i^lids so Ixird that in some cases the tester used for sampling has to be warmed, 
so that complete samples through the package may be obtained. 

W lu'ii sampling large lots, it is usually sulhcieiit if every third package 
be sampled, all the san^des pul into .i clean, dry bucket, the contents of tile 
bucket well mi.xed, and four si.x-ounce bottles lilled from the bucket, and 
se, hid up <it once ; this allows one sample for the buyer, one for the seller, 
ana ./tie to be kept by each in c.ise of dis[)ute. 

If a parcel is found to be dirty, or to contain more than a normal amount 
of water, it will lie necessary to sample e\ery package, and mix and seal the 
samph's as before. 

Solid Fats. — When the package is not full to the top, a sample bored 
right through the contents with an auger will f.iirly represent the contents of 
the package. Should free water be tound, it is best to make a small hole at the 
bottom of the head, and allow' the water to run out, and rewi'igh the package 
before sampling. Should the contents )>e up to the bung hole, it shows that 
tlu! packa^m had been stood on its lu>ad before the contents sohdilied after 
lining; cases have been known wheie this has been done in older to maki- 
accurate sam[)ling very dithcult, but this may be overcome by taking out the 
head, whith^was at the bottom when the package wu'. tilled, and boring a 
saiftple from end to end of the paekagt; ; the ditlerence in sound on striking 
the lu'ads at once indicates the full en<I. 

Liquids and Semi-Tiquids. ---These cannot be properly sampleil with 
a tube open at both ends. S.miples must always be taken with a closed slide 
tester, the tester being pushed to the bottom of the package before open- 
ing the slide, and the slide again closed before withdrawing the tester from 
the package. The samples in the bucket arc melted at the lowesUpossible 
temperature, stirred until cold, bottles lilled, and sealed as before. 

Liquids, Turbid or Showing a Solid Deposit.— Tb^se should be 

gently warmed .with frecpient shaking, until the deposit is redissojyed and the 
whole has become hoiiMigeneous, before tho.anuIysis is proceeded wilii, .yid 
tho analysis should be eomjileted before the sample has had i,ime to rude[)osit. 
A turbidity which docs not disappear on warming is usually due tp water, in 
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which case ik is suHiciont if the bottle containing the sample is well shaken 
each time of the sample is taken out, 

' Semi-Solids and Solids. — When the package is not homogeneous, ie. 
when containRig prater, dirt, or when it is a mixture, it must be carefully melted 
on the water bath ^it the lowest possible temperature, and the contents of the 
dish stirred until stiff in the case of solids, or cold if semi-solid, after which 
the analysis can bo proceeded with. 

Preparation for Analysis.— It is almost impossible to cover every case ; 
the following is only a general guide. 

The only samples the analysis of which one may proceed with without any 
further precaution are clear liquids and homogeneous solids. Turbid liquids, 
wliother the turbidity is due to water or to the deposition of solid matter, 
seedy semi-solids, — these may be defined as a mixture of solid grains embedded 
in a softer paste — and non-hoiuogeneous solids must all be brought iifto a state 
of complete uniformity before proceeding with the analysis. 
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PHYSICAL PROPERTIES. 

Till!-* physical condition of the baniplo .should ulw.iys be noted : whether 
clean or dirty; if liuid, whether clear or turbid; if contaiiiin^^ a deposit, 
what is the n.iturc of the deposit; if seiiii-sohd, whether honioj^eneous 
or seedy; if solid, whether hoinoj^anieou.s, dry or gieasy, crystalline or 
amorphous. 

Coloin is always a point of ^reat coinnu'icial imjmrtance ; it may be 
taktfn as a general rule that tlie j)aler the colour of an oil or fat the 
higher is its commercial value, but it is only in very rare cases that 
the colour is (|uantitatively measured. 

SPECIFIC GRAVITY. 

For general purposes the specilic gravity bottle with pei’foratcd stoiiper 
is* probably the best, and the lO-gramme bottle a convi'nient si/e; the 
25-gr.immc bottle is only required for glycerine, and this because of 
the high price of glycerine ; and because it is ahvays .sold as having a 
certain gravity, the latter requires to be <lctermined with great accuracy. 
It is better to buy the specilic gravity bottles without a counterpoise,, 
because the counterpoise is very rarely correct, and the bottles must 
filways be carefully calibrated before u,se. When calibrating, the main 
points to* watch are, that no air bubble is left under the stopper, 
and that the bottle h.as stood for at least ten minutes at 60" F. before 
it is taken out of the water for weighing. Duplic.ito determinations with 
liquids should agree to within three units in the fourth decimal place ; 
witti solids two determinations should only diH'or in the fourth place of 
decimals. 

The specific gravity of substances insoluble in alcohol may be determined 
with a fair amount of accuracy by placing a few small pieces of solids or 
a few drops of licpiids in a small beaker, and adding a*mixtur^ of alcohol 
and water, until the sample neither sinks to the bottom nor floats on the 
surface, but comes to rest between the top and the bottom of the Vixture ; 
the mixture is then poured into the gravity bottle, brought to 60" F. 
and weighed, the gravity found being that of the sample taken. • Wlicu 
using this metjiod it is better to mix the alcohol and water hrj^t, and aljpw 
to stand, a few iniimUs, in order to get rid^f air bubbles, before puttjtig the 
sample in ; this saves time, as air bnbhlpR always form oy first mixing the 
alcohol ai 



VISCOSITY. 

In tliia country Redwood’s viscometer is the standard instrument; the 
following factor^ will allow of easy conversion from one to another : — 

Jackson at 70* F. is 3’92 times Redwood at 70“ F. 

Ooleman-Archbutt for 100 c.c. is equal to Redwood at same temperature. 

Engler’s figures are 25*5 times ,, ,, „ 

,, in seconds are 0*59 times „ ,, ,, 

Hurst’s figures are 3*85 times „ „ ,, 

Say BOLT at 70* F. multiplied by 1*71 equals „ ,, ,, 

„ at 212* F. „ 0*80 equals ,, „ ,, 

Lamansky’-Nobel figures are 22*13 times ,, ,, ,, 

The lag during the flow of 50 c.c. from Redwood’s viscometer is very 
large, and yet tlic proposal made by x\llcn thirty years ago, to deliver the oil 
under a constant head, apparently found no favour. 

TABLE SHOWING LAG IN ACTUAL TEST. 


Russian, 895; Temperature, 70“ F. 


Volume run out. 

Seconds. 

Lag. 

10 c.c. 

68 


20 ,, 

14*2 

6 fecc.s. 

30 ,, 

225 

21 ,, 

40 ,, 

318 

40 

50 ,, 

420 

80 ,, 


Agiecnuiit between duplicate results with Itedwood’b Vihconieter. 


EXAMPLES OF TESTS OF OILS. 
RUSSIAN, 907. 


Tcmpcratuie “’F. 

First Tc.st. 

Second Test 

l*ei cent. 
Dilleience. 

70 

1265 

1226 

3*1 

140 

128 

1*28 

ml. 

180 

63 

62 

!•§ 

212 

46 

45 

2-2 


AMERICAN PALE, 900/905. 


C 70 

470 

465 

ri 

140 ‘ 

79 

78 

1*3 

180 

60 

58 

3*3 

^* ‘212 

40 

40 

nil. 


AMERICAN. 912/91$. 


•70 1 

673 

•672 

0'16 

€ 140 

94 

94 

wil. 

^ 180 

5^ 

55 

1-8 

212 . 

44 

43 

2*3 

* 
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VISCOSTTY OF VARIOUS SUBSTANCES (REf)\Vt)OD 
VISCOMETER). 


Oil. 

Temjicraturo 
70“ F. 

Temperaturo 
140“ F. 

Temperature 
180“ F. 

Teniiieraturo 
212“ K. 

Animal oil, palo 

306-412 

85 

5.0 

44 

,, brown . 

310 

82 



Castor oil, firsts 

3861 

312-366 

126-163 

78-112 

,, • seconds . 


288-352 

118-118 

72-80 

Cocoanut, pressed . 

230 

60 

44 

38 

Colza, Belgian refined 

366-422 

98 



•, Knglisb , 

346-390 

100 



,, Stettin 

374-425 

93-102 

61-66 

48-50 

Cotton oil, American ,, 

270 -35.5 

84 



,, Bombay ,, 

288 




Ilempseofl od, ojiido 

203 




Lard oil, A1 . 

381-403 




, , ex tra wi liter strai ned . 

363 

80 



' Lyisood o^il, Calcutta 

208 




,, Canadian 

188 




Ncatsfoot, English lilt. 

334-385 

79-98 

63 

51 

,, ,, unfilt* 

386 




,, North Ameiican, cold 





piessed 

395-446 

89 

58 

45 

,, ,, 


88 

58 

46 

,, South American 

330 

87 



Oil e oil, Algerian . 

336 

86 



• ,, Bari .... 

323 




,, Candiu 

308-324 

81-86 

55 

50 

,, Gallipoli . 

344 




,, Malaga 

312 

86 



,, fine Spanish 

316 




,, Smyrna 

328 




Rape oil, refined, Black Sea 

346-360 

89-95 



,, ,, East India 

365-410 

90-103 



’ ,, ,, English. 

371 

96 



,, • ,, German 

390 


03 


• ,, .laiiiba . 

389 

97 



,, low .... 

340 




Seal oil, water white 

1 2S3-298 




,, Stra^ 

228-298 




S«ya bean, refined . 

240-255 

75-83 



Sperm oil, Arctic deod. . 

141-187 

57 65 

42 


,, southern. 

112-175 

5,3-61 

41-43 

87 

Tea seed oil, refined . 

334 

72 



Tung oil 

918 

156 



Whale oil, No. 0 . . . 

210-293 

66-75 

♦50 

* 42 

,, No. 0, flit. 

270 

71 



,, No. 1, „ 

243-244 

76 

53 

• 43-44 

M No. 3, „ 

260 


» 

• 

Thickened Oils — 





East India 1 ape . «.• 

8053 

793-1439 

324 590 

1813-320 

Black Sea (ravison) 

• 

748-757 

313-382* 

168-250 

Whale ..*... 


289-375 

• 
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f 

Redwood’s figures can be calculated to absolute viscosity in dynes per 
sq. cm. hy the aid of the following formula ; — 

V r 

n = kdt. 
where 

71 -r-. absolute viscosity, 

- density at the temperature "C. at which the viscosity was taken, 

I =--the number of seconds for 50 c.c. of the sample, 
k '-= a constant. 

k must be determined for the Redwood instrument used, and is found 
from . , 



the letters having still the meaning given above, using, of course, as standard 
liquid one of which the absolute viscosity is known (glycerine, phenol, etc.). 

If a sample lias been heated for any reason, the oil must be allowed to 
stand overnight before determining the viscosity, betauisc heating has often 
a considerable effect on the viscosity. • 


EXAMPLE OF EFFECT OF IIEiJTlNO. 


Oil. 

Beforo 

1 AfterSiv 

At Tein- 

llo.itin". 

j Hours. 

pevaturn 

Blown rape .... 

1041 

1 1120 

140“ F. 

Rus.sian 907 . 

1311 

1289 

70 ,, 

American filt. cyl. 

178 

! 1.80 

180 ,, 


The lowering of the viscosity of the Russian 1)07 oil reminds one of the 
lowering of the viscosity of colloids by previous heating. 

It must not be forgotten that when two or more, oils ai‘e mixed together 
it is not possible to calculate the viscosity of the mixture from the figures'of 
the constituent oils. 

Two parts of American 900/907 oil were mixed with one part of Russian 
907 oil ; the viscosity of the mixture was 488 at 70° F. The calculated fij^irc 
was 612, giving a difference of 124 seconds ; even after correction for specific 
gravity the calculated result was 541. Attempts m.'ide to find the laAv for 
the reduction of viscosity with rising teinperatnre, and also the law for 
mixtures, ^ve sucii widedy different figures, even when calculated from the 
figures published by Redwood himself, as to be useless. 

• 

* SURFACE TENSION. 

The surfaae tensions in dynes per square (Jcntimetre of fatty and mineral 
qil^re so cM)se together that they are of no value for analj^tical purposes. 
Th« figures given below were determined by the glass tube and balance, and 
, the resuUs calcufated by Proctor Hall’s formula (Archbutt, p. 48), where T is 
tl^e surfaej tension, w the weight required, Cl the insi(jle circumference of the 
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tube, and C2 the outside circumference of tlie tube. Surface tons! 
per square centimetre at 13 0. 


SURFACE TENSION RY 


PROCTOR UALL’S ^lETHOJ). 


On,. 

SUUFACK 

Tkn.sion. 

Scotch P 80/885 oil 

39 31 

Russian 895 oil . 

12 ‘03 

,, 907 oil 

43 .55 

American 865 j)aIo neutral .... 

39-55 

,, pale 900/907 

39-44 

,, „ 912/915 

43-26 

Arctic sperm oil . . . . 

4 4-03 

Stettin colza oil 

4 7 -GO 

Castor oil firsts 

.54-72 


REFRACTIVE INDEX. 

• ^ • 

The various rofractometers specially constructed for the examination of 
oils and fats are not a very good investment, for they cither have an arbitrary 
scale, or else do not t;over the whole range recpiired in commercial work. 
The Pulfrich type of refractomoter is free from these objections ; the only one 
tl.it can bo raised against the instrument is that the glass cup for containing 
the oil sometimes comes off when cleaning it out, but if the old cement bo 
carefully removed the cup may bo cemented on again with fish glue in a few 
minutes and the instrument is ready for use again next morning. When 
replacing the cup care must be taken that it docs not encroach on the polished 
circle in the centre. 

The refractive index is one of the properties of oils that has not been made 
suflicient use of, especially in the examination of mixtures. The (lerman 
Customs make the refractive index of that ])ortion of the unsaponifiable from 
'wool fat oleines which is insoluble in acetic anhydride one of the two deciding 
figures in* determining whether the oil shall bo admitted as an oleine or 
whether it shall pay duty as a mineral oil. This refractive index shall not 
exceed I'blOO. 

The specific gravity, refractive index, and iodine value are the only 
sti'ictly additive properties possessed by the oils and fats, and the speed at 
which the refractive index can be determined at once gives it great importance 
when dealing with mixtures. Convenient tetnperatures to work at are 70° 
and 140° F. 

A useful works check in the manufacture of TurlaTy Red t)ils can be 
obtained from the refractive index, but it must be undci’stood that, this only 
applies to samples made from the same oil, and with the same percentage of 
sulphonation. If the refractive indices of three or more samples of known 
test bo plotted, and*th^ cun^ drawn, the determination of , the refractive 
index of an unknown sample will enable its test to be read off fr^m the ciii’ve 
to within 2 per cent.* of the result obtaii^d by analysis, and furthti-, 
ammonia and soda samples can bo read from the same curvtf. 

In the case^of wool grease oleines of the same percentage of ^ajionifiablc 
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matter thei^e iH, a direct relation between the cold tost and the i-efractivo 
index ; the higher the cold tost the lower the refractive index. 

s. Exampl€i-—YIoo\ grease oleine cold test 55" F. refractive ijidex 1 

, » » 40° F. „ „ 1-4900. 

The effect of redistilling wool grease oleine is to lower the refractive index, 
and the addition of resin raises the refractive index. 

Example . — Distilled wool grease oleine refractive index 1-1842 

Redistilled wool grease oleine ,, ,, DIOOO. 

The redistilling in this case had been performed by dissolving resin in the oil. 

The difference to the refractive index of an oil or fat (not containing more 
than 10 per cent, of free fatty acids) made i)y tiie 10 per cent, o^ glycerine 
usually present is about 0-01 12 ; this is also the a^ernge (lilferencc ladueen 
the refractive index of the oil and its fatty acids. i 

The average temperature variation may be taken as being O'OOOl for each 
degree Fahrenheit. 


TABLE OF REFRACTIVE INDICES AT 70'’ F., 
VAKIOIJS SUBSTANC'ES. 


Animal oil, pale , 

1 - le.'iO to 1 -tfiso 

Cottonseed oil, Amciiciin 


Araoliis oil, refined 

1*470,'| to r 1715 

lofnn (1, 


blown cotton oil , 

1 -4803 

•liltpud 

1-173.5 to 1-474 r5 

,, K.ist India rape oil 

1-4803 to 1-48.55 

II 1 . Egyptian 

,, black Sea rape 


edible . 

1-1725 to 1-1730 

(ravison) 

1-4803 to 1-1855 

Distilled liquid lesin . 

1-19.38 

,, whale oil . 

Boiled linsoetl oil 

1 *4774 to 1-4813 

Ilemjisoetl oil, crude 

1-4791 

1 -483.1 to 1 -48.50 

Ibu’iini; oil, ji.ilo . 

1-4813 

>) II suhsli- 


.lap.in lisli oil, blown . 

] -4735 to 1-1764 

tute.s 

1 -4813 to 1-4986 

Laid oil, piime 

1 •4(;66 to 1 172.5 

Camelino oil, refined 


,, Swilt’sevtr i win 

(dodder) , 

1*4794 

ter stiaiiuid . 

1 -4 676 to 1-1686 

Castor oil, jihaiinacontical 


,, .Swift’s JVo 1 


cold drawn 

1-4794 

biuesii . 

1*4681 

,, fusts , 

1-4791 to 1-4803 

,, .Swift’s No. 2 


,, seconds 

1*4793 to 1-4803 

blown . 

1-46<S6 

,, Calcutta 

1 4794 

Iiinseed oil, llaltic 

1-48-2.1 

,, boinhay 

1-4784 

,, CaUiitta 

l-48i:f 

Castor oil, miscible 

1 -4781 to 1-4813 

,, Canadian . 

1 4770 to 1-4810 

Cocoannt oil, pre.ssed . 

1-4566 

M lize oil, 1 ('fined . 

1 -4715 

Cod liver oil, Canarlian 


Neatsfoot oil, English, 


yellow . 

1-47G4 

filtCK.d 

1 ■4<39.5 

,, ,, coast extra 


,, ,, nnlilteu'd 

1-4C76 • 

pale 

1*4803 

,1 ,, Swift’s 


, , , , coast brown 

1*4794 

N(nth 


' ,, crude ]»ale 

1*4774 

Aine ric.in 

1 4686 

,, ,,, g Newfound- 


,, ,, .South 


landyeTlow 1'4784 

Anieiican 

1-469.5 

,, Newfound- 


Olive oil, Algol ian 

1-4690 to 1*4695 

^ land racked 


,, Candia . 

1*4676 to 1-4705 

brown 

1*4784 to 1-4794 

,, Gallipoli 

1 -4695 

,, Newfound- 


., Grecian . 

1-4705 

l^nd nn- 


,, ^ LevaiTt .• 

1 -4690 

^ racked . 

• II • 1 1 scotch crude 

1*4784 to 1*1794 

,, Malaga . 

,, Messina, 

1-4686 to 1-4705 
1-4686 

• brown 

1*4833 • 

,, riiarma. 

1*4695 

Colza oil^refined Stittin 

1*4735 to 1-4754 

,, fine Spanish . 

1*4 703 to 1*4705 
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OliKlNKs FROM HkcOVKW^J^’JU 


TABLE OF BEFRACTIVE TNDTCES AT 70" F. 


, Olivo oil, Sinyiiia . . 1'4690 

,, substitutes . ] *4695 to l-47r)4 

Ra})ooil, lilack Sea, re- 
fined (ravison) 1 *4749 to 1 *4774 
,, East India, re- 
fined . . 1*4745 to 1*4754 

,, English, re- 
fined . . 1*4754 

,, .lamba, refined 1*4745 

,, Japanese, re- 
fined . . 1*4735 

Salmon oil, Californian . 1*4814 

Sea elepUint oil, No. 1 . 1*4739 to 1*4762 

Seal Oil, water white . 1 *47.54 to 1*4774 

,, straw . . 1 *4745 to 1 *4786 

Sliaik li\ei‘ oil, lofiiH'd , 1 *4725 

Soya bean oil, eiude . 1*4754 

,, ,, lefined . 1*4754 10 1*4774 

Sperm oil, AicticNo. 1 . 1*1674 to 1*4686 

,, ,, ,, 2. 1*4600 to 1*4676 

,, Southern . 1*4656 to 1*4760 

Tea seed oil, refined . 1 *4705 to l*4n5 

' \Vhaleo*l,No.0,filteied 1*4748 10 1*4764 
,, ,, IjUnfilleied 1*4725 to 1*4735 

,, ,, 1, filtered 1 4735 to 1*1740 

,, ,, 2,unliltei0ll 1 *4715 

,, ,, 2, filfeied 1*475*2 

,, ,, 3,unfilteied 1*1705 to 1*4715 

,, ,, 3, filtcied 1*4739 

,, Jap.uiese yellow 1*4715 

l'*ifty aeids from 17 per 

* eent. wool grease oleine 1*4735 
Commfkcial Fa'i rv Aoins— 

Araebis oil fatty acids 1*4666 
Castoi oil fatty acids, 

firsts 1 *4705 
,, ,, seconds 1*4705 

Linseed oil fatty at ids 1*4686 
Mai/e oil fatty acids . 1*4650 

Ka])e oil fatty acids . 1*1715 

Soya l»eaii oil fat ty acids I *4670 

• 95 Ibni Ceni*. Oukinks - 


COVEff^W ^’RO^fT'l '■ 
/osap. >47^ to I 
1*47^4 


1*4790 
1*4725 
1*4789 
1*4774 
1*4754 

,, 1*4705 to 1*4736 

,, „ 70 „ 1*4708 to 1*1738 

French pill e 50 ,, 1 *4735 to 1 *4881 

Cotton oleine, 50 ,,filt. 1*4852 
,, ,, 70 „ 1*4735 

SrM’iioNA'iEn Oils-- 

70% castor . 1 *4416 to 1*4486 

60 . . 1*4106 

50 ,, ,, . . 1*4256 to 1*4266 

40,, ,, , . 1*4007 

Pale soluble leather oils 1*4276 to 1*4491 
Dark ,, „ 1*4695 

70% from 70% re- 
covered oleine . 1*4666 

Monopol oil , . 1*4371 

Turpentine, Amciican 1*4705 
,, substitute 1*4376 
Cnsai’onifiaiu B Ma'I'I'er from — 

Blaek oil, 60% sap, . 1*4995 

70% recovered distillate 1 *5033 
50 „ ,, 1*5051 

Reeoveietlstearine 1 02 
M.P. . . . 1*5134 

50% Tccovercd oleine , 1 *4929 

Mineral Oils — 

Anifi'icaii half white oil's — 

8186 spec. grav. . 1*4715 

8576 „ . 1*4754 

8582 ,, . 1*4739 

8590 „ . 1*4750 to 1*4759 

Jlicsbiaii half white, oils — 

835/40 spec, giav, . 1*4661 

845/50 „ . 1*4710 to 1*4732 

855/60 „ . 1*4756 

860/65 „ . 1*4750 to 1*4861 

880/85 ,, . 1*4823 

890/95 ,, . 1*4794 

Aiiiei lean mineral oil's — 

Mineral colza. , 1*4576 to 1 *4586 

840 sun - bleached 

neutral . . 1*4646 

850 neutral spindle 1*4752 
866 • 1*?762 
876 pale . . 1*4919 

885 „ . . 1*4936 to 1*5051 

885/90 ncutial . l*600f 

900/5 pale , . 1 *6033 to 1 *5235 

900/7 ,, . . 1*5051 to 1*5088 

912/15,, . . *1 -5088 to 1*5164 

910/15 red . . :^6107 to 1 *8162 

• 920/5 ,, Kansas . 1*6170 * « * 

900 pale Mexican . • . 1*4995 


American white 
,, In own 
Australiiyi wiiite 
,, blown 
P»e]gian white . 

,, brown . 
Cotton oleane, filten 
Dutcli wliite 


English wliile . . 1*4646 

,, brown . 1 *4646 10 1*' 

French wliite • . 1*4646 to 1*' 

,, hrown . . 1 *4636 to 1' 

Olkink.s fi:um Rkcow.lri) pRomrrr.s 
English ])Ure 45 % sap. 1 *483^ 

,, ,,* 47 ,, 1*4822 

,, ,, 49 „• 1*4803 

,, ,, 50 ,, 1*4813 


1*4632 to 1*4676 
1*4621 to 1*1696 
1*1626 to 1*1676 
1 4614 to 1*1676 
1*4626 

1*4626 to 1*4687 
1*4705 to 1*4715 
1*4616 to 1*1621 
1*4636 
1*4646 

1*4645 to 1*4700 
1*4646 to 1*4650 
1*4636 to 1-4666 
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TABLE OF REFRACTIVE INDICES AT 70" continued. 


« 

915 paljp Mexican ^ 

1 *6076 

Russian 907 pale . 

1*4986 to 1*5061 

920/6 pale Texas . 

1-6130 to 1*6143 

Scotch 840/60 cloaningoil 

1-4764 

930/5 „ . , . 

1*5183 to 1-6192 

„ 880/8 

1*4862 to 1*4933 

Galician 886 pale 

1*4910 to 1*4980 

,, 886/90 

Resin oil, pale neutral . 

1*6023 to 1*6061 

„ 900/5 ,, 

1*6061 

1-5386 

,, 915/17 „ 

Russian 895 pale . 

1-5088 

,, ,, relined . 

,, refined . 

1*6133 to 1*5538 

1*4929 to 1*4964 

1*5428 

,, 900 pale . 

1*4986 

,, grease making 

1*5386 


ROTATORY POWER. 

Mineral Oils. — The rotation of mineral oils has acijnircd some irfiportance 
of late years, as it must have a direct bearing upon the question of origin, but 
the amount of this rotation is so small that it has no value for analytical work. 

Wool Grease Oleines. — All arc de.xtro-rotatory, and have a very 
pronounced rotation, but it is not as high as that of the grease from which 
they are made. 

Example . — Hard Yorkshire grease, specific rotation 13*7 

Oleine from the same grease, „ „ 1T6. • , 

The rotation of recovered grease oleines as a class varies from G'9 to 14*7. 
The rotation of the unsaponifiable matter from wool grease oleines is again 
higher than that of the oleine itself, varying from 12 to 29*4. 

The German customs authorities have made the rotation of that portion 
of the unsaponifiable matter which is insoluble in acetic anhydride one of the 
standard figures in deciding whether a recovered grease oleine is pure or 
whether it shall be taxed as mineral oil. In order to pass as oleine the 
rotation of the unsaponifiable matter insoluble in acetic anhydride must not 
be lower than 18, and yet, as shown above, tlic rotation of the whole un- 
saponifiable matter from pure samples often falls below the limit. The latter, 
therefore, appears to have been fixed on insufficient data. 


MELTING POINT. 

The standard method is the capillary tube, and this method shouM always 
be used in all disputes. 

A fairly accurate, and very rapid, method for works purpo.scs is carried 
out by placing a thermometer in a test tube, and pouring into t^o test tube 
sufficient of the melted sample to cover the thermometer bidb, warming fif 
necessary until the sample is completely fluid, and the whole is quite clear; 
then stir c.onstantly until the first sign of turbidity is seen. This point 
is the melting point of the sample. 

Example, — A stearino gave 130" F. by this method; the same stearine 
in closed capillary (newly filled) , . melts at 128" F., clear at 134" F. 

,, • „ (stood 24 hours) . 129" F. ,, ^ 131" F. 

in open ^ „ (newly filled) . the sample rises at 130 F. 

Bensemann • . , . mel4s at 1^9 F., clear at 133 

PehV . , • clear at 130" F., risfcs at 133“ F. 

• • « • 

(3pen Capillary Method.— Fill the sample into an ordinary capillary, 
And when *t^^e sample has set again break oil the closed end of^the tube ; fix 
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to a thermometer and heat as usual ; record as the molting point *6110 tempera- 
ture at which the sample in the tube commences to rise towards the toj) 
of the liquid in the heaker. * 

This method gives results in fairly close agreement” with the closed 
capillary, and has the advantage of being available for aU samples, whether 
light or dark coloured. This cannot be said for the closed capillary, which 
is useless for all dark-coloured samples, or for transparent bodies like rosins. 
In the case of resins the rise of the column of melted resin up the tube is 
very slow ; in .extreme cases the rise may be prolonged over many degrees. 
This is caused by the very high viscosity of some resins at temperatures 
near the melting point, hence the need for reading the thermometer as soon 
as the column starts to rise up the capillary. 


Resins. 

Melting Point in 
Open Capillary. 

Fioiicli (K) ... . . 

207* F. 

,, (WW) 

209 

,, (oxtr,*!) ...... 

207 ,, 

Ami'ricivn (H) ... . . 

204 ,, 

M (K) 

CriH-k (colour like Amovicaii II) . 

205 , 

208 ,, 

Pi rcHK.s. 

Meltino Point in 
O i‘KN Caitllary. 

Wool grease 

125“ to 157“ F. 

Wool grease stearine pitch . 

157 ,, 

Pitch from 70 por cent, black oil . . 1 

151 ,, 


The above figures give .some idea of the variation of these pitches ; the 
melting point of fatty pitches gives no indication as to the origin of a sample. 
The reason is that the manufacturer is able to produce any melting point 
he wishes, and also that the extent to whieh the distillation i.s carried may 
^ary for 'many reasons, .such as change in values, etc. 

The only class of sample for which the open capillary is useless is the 
pitch resulting from the distillation of some classes of fatty acids, which 
when heatttd to melting forms a frothy mass, neither fluid nor solid, and 
cannot be induced to run to the bottom of the capillary. 

Kuamek and Sarnow’s method for taking the melting point of dark- 
coloured samples is used on the Continent, and is carried out as follows : — 

An open Uibc, inner diameter 5’7 mm., is dipped into tlie n^olten sample 
for a depth of 5 mm., the forefinger being placed over the other end of 
the tube and kept there until the sample has solidified. The .outside of 
the tube is cleaned, and exactly 5 granhnes of mercury poured •on to th(!P 
top of the column of sample in tho tube. The tube is clamped to a thermo- 
meter, which i.s tlPen* imm<|j:sed in a beaker of saturated .brine,* and the 
beaker heated. Tho temperature at which the globule of ^mercury* falls 
through the sample noted as the melting point of the sample. • ^ • 
The results obtained in this way bear no relation •whatever to those 
obtained by other methods, and may be as much as 40“ F, ^ower, bift 
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cluplicjites jfro very concordant. It has lately been found that differences 
arise between different observers, and the proposal has been made that the 
tube shhll 1)0 exactly 6 ram. internal diameter, and be dipped 7 rara. into 
the molten axm^ffc instead of 5 mm., in order to have a depth of sample 
of 6 mm. after (fooling ; but it does not appear that even this will stop 
discrepancies in the case of frothy samples like the fatty acid pitches 
mentioned above, because the amount of actual sample retained in the tube 
is certain to vary according to the extent to which the sample in hand 
is liable to froth, 

TITRE TEST. 

This test is of value chiefly to the soap and candle maker, and the higher 
the titre test of the sample the greater its value. « 

The test is quite useless for all sample.s having a titre lower than 80° F., 
because such samples give almost any figure the operator wishes, proviflcd 
one knows when to stir the sample during solidification. 

In this country all tallows are sold on Norman Tate’s results, which arc 
obtained as follows. 

The following method for the examination of fats (tallow) for setting 
point (titre) has been devised by A. N. Tate of London : — 

Procedure. — (<t) Thoroughly mix and average the sample. * , • 

(b) Take a weighed amount, say 50 grammes of the sample, and molt it 
completely in a basin over a boiling water bath. 

(r) Add to the melted tallow, whilst still warm, abiixture of 40 c.c. of a 
solution of caustic soda of 36 Be. (sp. gr. 1*36) and 25 c.c. of absolute 
alcohol (methylated spirit may bo used). 

(d) Stir continually until the resultant soap solidifies. 

(e) Next pour gradually on to the soap while stirring about 1*5 litres 
of hot water (distilled), and boil until the solution is reduced to 0 75 litre. 

(/) Add to the solution 25 c.c. of sulphuric acid previously diluted with 
500 c.c, of distilled water to thoroughly decompose the soap. 

(//) Allow the fatty acids in a molted condition to separate and float on 
the top ; when cold, syphon off the water. 

(h) Carefully remove the cake, and melt as de.scribcd at “rt.” Care must 
be taken, before proceeding to test the setting point, to note that the saponi-' 
fication has been complete, and if the fat is not (juite free from* water ij;. 
may bo melted in a small separator funnel and the water drawn off, and 
the fat itself run off’ into the te.sting apparatus. 

The Apparatus. — («) A clear cla.ss cylindrical vessel having an inside 
measurement of 9 cm, high and 2*75 cm. diameter, and sides 0*3 cm. thic*k, 
slightly rounded at the bottom, and provided at the top with a glass lip 
or ebonite flange on which to hang it. 

(b) An outer vessel of clear glass 13 cm. deep and 10 cm. wide for the 
protection of the inrter cylinder from draughts. 

(c) An ebonite or wooden cover (not metal) with a hole in the centre and 
^slightly (Oppressed flange, on which to hang the flange of the inner cylinder. 

(d) Two small pins to keep the cylinder in position during stirring. 

(e) A^i accurate thermometer ^ graduated fnjjn aboflt to 70° C. in tenths 

of a ^degree; yi*o size of the bulb to be as nearly as possible 2*5 cm. in length, 
aiMl b*6(i cm. in diameter. , • 

> Tate rocomnienrl# M. Baudin, 276 Rue Saint .facques, Paris, who makes a thermo- 
(heter adtuimljjy adapted for this purpose, 
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(/) An upright pillar, provided with * 

(g) An arm, from which to suspond the thermometer, and faatened into 

(h) A stout stand or base of wood, hollowed slightly to receive tlfo larger 

glass vessel and keep it in its exact position. ^ 

The Process. —A. Melt the fatty matter in a wat^r bath, carefully 
avoiding temperatures higher than 70" C., and pour into the smaller 
cylindrical vessel, until the fat in it stands to the height of about 6 5 cm. 

15. Should the fat not be perfectly liquid, the inner vessel may be put 
in the bath to romelt the mass. Do not hold it over a Bunsen flame, and 
watch that the temperature docs not rise above 70° C. 

C. Place the cylinder with the fat in, in the outer vessel, and so tix 
the thermometer that it shall hang (the bulb) in the centre of the fat. Next 
stir continually, by giving the thermometer a quick circular movement, 
without allowing it to toucli the sides of the vessel, but taking care that all 
solidifying pai’ticles as they form arc well stirred into the mass. 

^^he mass will gradually become clouded throughout and the mercury 
descend until it remains some moments stationary. Then stir gently three 
times to the left, and three times to the right, taking care that the bulb of 
the thermometer docs not touch the sides of the vessel. 

The mercury will commence to remount; note the point to which it 
^scends, and take this point as the setting point of the fat. 

‘Freedom of the Fat from Water. — It is e.sscntial that the fat before 
being placed in the testing apparatus shall be free fiom water, but during 
the removal of the w^aflbr it is necessary that no higher temperature than 70* 

C. bo used, and that prolonged subjection to this temperature slunild be 
a’ujided. Some operators take the cold cake of fat and press it betwTen the 
fold^ of blotting paper. This is objectionable, as oftentimes a portion of the 
softer fat is absorbed by the paper. Also be sure that the fat is 
saponified thoroughly. 

SOLIDIFYING POINT. 

This is, especially in the mineral oil trade, taken at the point at which 
the sample first shows a dullness on the surface wdien cooled in a beaker. 

COLD TEST. 

* The methods for taking the cold tests of oils are very varied, and unles^ 
the sample is carefully freed from impurities and moisture, and a very great 
deal more time spent over it than the value of the results WMrrant, the results 
a»e as variecl as the methods of obtaining them. 

The cold test of lubricating oils varies with the care used in the removal 
of solid paraffins at the works, and of oleines and seed oils with the tem- 
perature of the press room, tlie temperature of the material pressed, and the 
amount of pressure used, so it is obviously useless to givff figures? 

It is essential that the cold test be taken of lubricating oils for outside 
purposes, and of oils for refrigerating machines, the cold test ncces^giry vary-— 
ing with the temperature to which the oil may bo exposed. 

The test finds ^ts* greate.st use in works practice, where it •is often 
necessary to t^irn out largo (ptantities of material with no more^than a jyven 
variation in cold test^ and as from some inaterials it is impossible •to keep 
within the prescribed limits, this test is useful in ch^icking the nnxing 
necessary to obtain the required figures. • 
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Methods — Place a thermometer in a ^-inch test tube ; then pour into the 
tube sufficient of the sample to cover the bulb of the thermometer. An 11- 
cm. filtef paper is now pinned round the test tube, carbon disulphide dropped 
on to the filtdr p&,per until the paper is soaked, and the oil constantly stirred 
with the thermomql:er ; more carbon disulphide is dropped on to the paper as 
required, and the stirring continued until, on inverting the test tube, the oil 
no longer runs down the side of the tube. This point is read off and reported 
as the cold test of the sample. 

VAPOURISING POINT, FLASH POINT, AND FIRE POINT. 

Closed Test. — For oils of low flash, like lamp oils, etc., Abel’s tester is 
used ; for lubricating oils and cylinder oils the Ponsky-Martin pr Gray’s 
tester are used. 

Open Test. —Heating in a beaker or dish is the usual practice, ^On 
commencing to heat the beaker or dish, the surface of the oil is carefully 
watched, and the first sign of vaj)our on the surface of the oil is noted and 
the temperature read off as the vapourising point of the oil. From this point 
the heating is continued, and a flame of pea size, best obtained by using a 
mouth blowpipe as jot, is passed across the dish or beaker at a distance of 
half an inch above the surface of the oil. The temperature at whitsh a blue, 
flame runs all round the pot is recorded as the ojK'n flash point of the sample. 
On still continuing the heating, and frequently applying the blo\\pq)e jet 
to the surface of tiie oil, the temperature at which the* oil continues to burn 
after taking away the flame is noted as the fire te.st. Immediately this occurs 
the thermometer must be taken out of the oil or it may be spoiled. 


TABLE OF OPEN FLASH POINTS. 


Castoi oil, fusts 

Faliienheit. 

[>&2 

Disl ILL AILS — 

iSap. .Source. 

55 per cent. H.iid giease 

Degiei s 
Fabieiilieit. 
330 to 352 

,, seconds 

r.34 

80 ,, Soft ,, 

346 

Cocoaiiut oil . 

394 

66 ,, Hard ,, 

90 ,, lilack oil 

331 

Cotton oil, reliiujd . 

567 to 600 

382 to 340 

,, jjreases, black 

360 to 366 

85 ,, Soft guase 

3<14 to 351 

,, steal iues 

354 

99 . >1 

75 ,, Black oil , 

343 

Colza oil, 1 eh lied . 

516 to 600 

359 

Cod oil, Malabar . 

Japan fish oil ... 

412 

430 to 538 

50 ,, Kedistilled re- 

covered oleine. 

339 

Lard oil .... 

529 to 600 

95 , . Soft grease 

346 • 

Linseed oil .... 
,, boiled . 

Neatsfoot oil .... 

over 600 
422 

496 to 592 

SrEAllINKS — 

M.P. Source. 

115° K, Hard grease . 

359 

Neutral wool fat . 

498 to 600 

90° K. Soft „ 

346 

Olive oil •. . * . 

390 to 450 

106° K. Hard „ 

112° F. Black oil 

352 

,, sulphur 

194 to 400 

341 to 354 

Palm oil, Ufcaclied . 

341 

lO0° F. Soft giease 

348 

1 Rape oil, klowii 

616 

110° F. 

342 to 348 

Sperm oil ... . 

458 to 502 

94° F. 

341 to 343 

Salmon oil . 

450 

90° F. . 

132° F.*Hai(l grease . 

340 

Tallow oil . • . 

419 

386 

Caijdle maker’iioleiiieH , 

330 to 870 

108° F. Black oil V 

368 

OIeij,es ffrom rfcovered pro- 
ducts . . . « • 

• 

98* F. Hurd grelise . 

328 to 386 

330 to 360 

104" F. Black oil 

329 
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VOLATILITY AT 212* F. 

In oommorciai work the question often rises as to what is the ing,xinunii 
loss that a sample would show on heating. ,, ,, 

This volatility is most variable, and may, in the case of the spirit oil 
obtained at the beginning of recovered grease distillation, rise to over 
90 per cent. 

The sample should always be filtered through a dry filter paper if there is 
any suspicion of water being present. 

Not more than 1 gramme of the sample is weighed accurately into a 
Petri dish of 2^ inches diameter, and the dish heated in the boiling-water 
oven until the difference between two weighings does not exceed 2 milli- 
grammes. 


• 

Loss at 212'* K. 

Sample. 

Lo.ss at 212“ F. 

Ameucaii lUik cylinder oil 

Bor coni. 



0-00 to 7-1 0 

Bio.ssod black oil 

2-66 

,, brown oleine, 9.') 


Dry cleaner’s oleine ie>»iduo 

9*93 to 55-00 

])ei cent. 

0-(37 

Rccoveied oleines, 80% sap 

0 94 

Belgian blown oleine, 9.'» 


M 70 ,, 

0-99 to 1 -51 

• ])er oon^ 

0-43 

». ,, 00 ,, 

0*01 

Boiled oil subs! itiife used for 


,, ,, fiO ,, 

0*82 

coie oil 

19-56 

Scotohmineial oil, 865.sp.gr. 

21 -53 

t) i> )i * 

19-13 

,, „ 885 „ 

Tianslormoi oil, Calician . 

2*28 

" '» >1 

27-25 

3-27 

,, ,, {lainloil 

L > (racted black oil . 

-24-75 to 36*17 

Sjniit oil fioin giease dis- 

10*24 to 29-35 

tillation .... 

91*70 

— 






SECTION III. 

CHEMICAL EXAMINATION. 

WATER. 

Detection. — Water can always be detected by heating a few' grammes 
of the sample in a porcelain dish over a ring Argand burner which has been 
turned down until the llanio is non-luniinous ; if water be present it wiirrise 
in the form of bubbles through the hot sample. 

The Argand is the most useful form of burner in an oil works laboratory ; 
when turned down until the llaine becomes non-luminous, fats may be left 
over the burner for quite a while without any fear of burning. 

Estimation. — In mixtures containing light mineral oils, oils w^ith iodine 
values, sulphonated oils from oils of high iodine values, lubricating greases* 
emulsion oils, etc , accurate results can only be obtained by distillation. 

Twenty-five grammes of the sample arc mixed with 50 c.c. of xylene and 
distilled. The distillate is collected in a graduated cylinder, and the distillation 
continued until no more water comes over with the .\ylene. The water collects 
below the xylene in the cylinder. If any drops of water adhere to the sides of 
the cylinder they may be coaxed down to the rest of the water with a glass 
rod. When quite cold the number of c.c. of water are read oil', the result 
multiplied by 4 giving the percentage of water in the sample. 

For ordinary samples about 2 grammc.s of the sample are weighed into 
a small beaker containing a glass rod, and the beaker heated in the w'ater 
oven until the sample is quite clear and free from small water drops on 
stirring with the glass rod. The beaker is then cooled and weighed. It is 
quite useless to heat and weigh in an attempt to arrive at constant weight;, 
if this bo done the re.sults in many cases will not be as accurate <is by tlie 
aba\'e procedure owing to lactone formation, oxidatitm, etc. * 

For works purposes it will be found much <piicker to take a porcelain 
dish (size 00), put in a small glass rod, weigh into the dish about 10 grammes 
of the sample and heat over a non-luminous Argand flame, the dish bohig 
stirred continually until no more bubbles are given oil: the heat must not 
be sutficient to cause the sample to give oil' fumes. The dish is then cooled 
and weighed. The loss of weight gives the amount of water in the sample. 

• » 

ASH IN OILS AND FATS. 

Weigh into a platinum dish 5 grammes of the sample ; heat slowly until 
the sample is charred, and incinerate at the lowest possible temperature ; cool 
in a desfbcatorj and weigh. If an analysis of the ash isirc(j[Liired, it is better 
to i;ppeat th^ process several times in the same dish, rather, than ashing a 
Ifirger (fuaiitity at first. , • 

X complete 8,nalysis of the ash can then be made or any special 
•constitueftt.sought for. 
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EXAMPLES OF ASH IN OILS AND FATS. 



Per cent. 

• 

Per cent. 

86 jjer cent. Black oil . 

0-63 

Hemp.seod oil, erudo . ^ 

0*04 to 0'06 

80 ,, . 

1-07 

Neutral wool fats 

traces to 0’19 

70 „ . 

2-68 

Linseed oil, Canadian . 

0-14 

60 . 

0-38 

,, Plate 

0-05 to 0-20 

Bono fats .... 

traces to 1 ‘29 

Olive and Oleine grease 

0-16 

Cotton oil, Kgyjiti'ui, relined 

0-01 to 0-08 

Recovered stearincs 

0-01 to 0‘03 

Grease, pale haid, Yoiksliiro 

0-37 

Whale oil fatty acids, com- 


,, medium ,, 

0-26 

mercial . . . . 

0 05 to 0-07 


• NON-FATTY MATTER. 

The only class of samples in which visible dirt can usually bo seen are 
footy samples of fatty oils, but non-fatty matter in a very finely divided 
state may be present to the extent of 30 to 40 per cent. Fatty bodies of all 
descriptions really should be water free before starting to determine the non- 
fatty matter, and for this reason it is much better to take the residue from 
the water estimation, dissolve this in methylated ether (about 50 c.c.), and 
filter through a dried and tared filter paper. The filter paper is then washed 
with ether until fat free ; and it is easy to tell when this is the case, because 
when fat free the filter paper no longer shows transparent spots or margin. 

In the case of recovered products, extractijig in a Soxhlet otters very 
little advantage unless the sample gives a clear ether solution, because the 
ether runs back into the flask quite turbid, and lias to bo filtered afterwards. 
This filtration is often very slow owing to the finely divided non-fatty matter 
stopping up the pores of the filter. 

* In the case of bone fats and commercial fatty acids the above process is 
liable to error unless the sample is free from metallic soaps ; for example, a 
sample of commercial fatty acids gave 9-21 per cent, of non-fats on extraction 
with ether, but on boiling 10 grammes of the .sample with dilute hydrochloric 
acid until the fatty layer was quite clear, cooling and pouring into a separator, 
the aqueous layer being run off, the fal dissolved in ether, and washed with 
water until acid free, and the ether run through a dried and weighed filter, 
the amount of non-fatty matter was 016 per cent. Foots from fatty oils 
i^ay also contain oxidised fatty acids insoluble in ether, and unless the ether 
residue be extracted with hot absolute alcoliol before weighing, the non-fatty 
matter may up to 15 per cent, in error. 

• 

FREE FATTY ACIDS. 

Volumetric Estimation. — The volumetric method is usually used for 
commercial work, tend the results always calculated on ^le meaD molecular 
weight of 282, which is that of oleic acid. 

The accuracy of the titration varies with the variation of the molecular 
weight of the fatty acids present in the sample, and as those vary from 260 
to over 400, the result of a titration on 282 may be almost 50 per jcent. in 
error. The titration 'does not^tako many minutes, and when .the molecular 
weights are approximately known, it is very convenient. • • 

Two grammes of the sample are dissolved in 50 c.c. of alcohol (prffviqjiisty 
neutralised with N/10 alkali, using phenolphthalein as iruKcator) and 25 c.c. 
of motor spirit^ Titjate the solution with N/10 potash, shaking nlf the time' 
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(if not well shaken the colour change is rather slow). The deduction to be 
made for the petrol is OT c.c. The number of c.c. of N/10 potash required 
when multiplied by 0*14 gives the percentage of free fatty acids calculated 
to oleic acid. 

The conversion of acid values to oleic acid may be done with sufficient 
accuracy by dividing the acid value by 2 (actual divisor 1 ’98). 

For commercial fatty acids, recovered greases and their products, candle- 
maker’s oleines, stearines, etc., weigh and dissolve as before, but titrate with 
N/4 potash, and no deduction need be made in these cases. 

The following table will be found useful if copied out and hung by the 
side of the N /4 potash burette when many such titrations have to be m.ade ; — 


C.C. 

Per cent. 
Oleic. 

c.c. 

Per cent. 
Oleic. 

c.c. 

• 

Per cent. 
Oleic. 

1 

3-53 

8 

28-20 

1.5 

.52 88 

2 

7‘05 

9 

31-73 

16 

66*40 

3 

10*68 

10 

35*25 

17 

59-93 

4 

14*10 

11 

38*78 

18 

63*45 

6 

17-53 

12 

42-30 

19 

66-98 

6 

21*15 

13 

45*83 

20 

' 70-60 • 

7 

24*68 

14 

49-36 

21 

74-03 

0 1 

0*35 

0*4 

1*41 

0*7 

2*47 

0-2 1 

0*71 

0*5 

1*76 

« 0-8 

2-82 

0-3 1 

1 

106 

0*6 

2*12 

0*9 

3*17 


Gravimetric Estimation. — Weigh 2 to 10 grammes of the sample, 
according to the amount of free fatty acids shown by the titration, into a 300 
c.c. flask ; dissolve in 30 c.c. of petrol-ether (sp. gr. 0'64), warming if necessary ; 
when cold add 25 c.c. of alcohohic potash (roughly N/1), shake well, and 
pour into a separator. After separation has taken place, run the soap solu- 
tion off, wash the petrol in the separator twice with cold water (25 c.c. 
each time), and once with 25 c.c. of spirit which has been previously saturated 
with petrol ; after washing, run the petrol into a weighed flask, repeat the 
extraction and washing twice more, running the petrol from each extractioh 
into the same flask, then distil the petrol off, and heat the flask in* the water 
oven until the residue in the flask is free from petrol. Cool, and woigli. The 
residue in the flask consists of neutral fats and unsaponifiable. The weight 
of sample taken, minus the residue in the flask, equals the frge fatty acids 
in the sample. * 

If further examination of the free fatty acids is required, the soap solution 
and washings are united, heated on the water bath until all the alcohol is 
driven off, , the soap taken up in water, decomposed with acid, and the fatty 
acids shaken out with other moth, in a separator, the acid liquor run off, and 
the eth^r washed with water until acid free — four washings are usually 
sufficieict. The ether is then run into a weighed flask, the ether distilled off, 
the contents of the flask dried in the water oven, cooled, and weighed. 

• SEPARATION OF NEUTRAL FAT AND UNSAPONIFIABLE. 

•Tlie petrol residue from the*^ free fatty acid estimation is saponified by 
boiling for thirty minutes under a reflux tube with alcoholic potash about 
Nyi, using 25 c,C. *for every 2 grammes taken. Next add ^0 c.c. of water 

* • • 
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for every 25 c.c. of alcoholic potash used, then shake out three times with 
petrol-ether, sp. gr. 0 64, using 30 c.c. each time and washing^ eacli lot of 
p'etrol twice with water and once wdth alcohol which has Ibeen previously 
saturated with petrol, keeping both the soap solution and the washings. 
Run the throe petrol extracts into the same weighed flask. The petrol is next 
distilled off, the unsaponifiable dried in the oven, cooled, and weighed. The 
unsapouifiablo should be kept for further examination. Witli the exceptions 
of Sperm oil, Shark liver oil, and Crude whale oil the above process may be 
used universally ; crude whale oil is included amongst the exceptions because 
it sometimes contains crude sperm oil. 

Unsaponifiable in Sperm Oil, Shark Liver Oil, and Crude 
Whale Oil. — Saponify 2 grammes as before, and then drive off the 
alcohol on the water bath until the soap in the flask only smells faintly of 
alcohol ; dilute with 50 c.c. of water, and extract three times with ether meth., 
washing each lot of ether twice with water, keeping the soap solution and 
washings as before. If the above be carefully done, no trouble will be caused 
by emulsions, which form both in absence of alcohol and also when too much 
alcohol is present. 

Wo have no means of separating the neutral fat in a sample as such, but 
q;ui only separate the fatty acids from it, — that is, the combined fatty acids 
of the sample — and oxamino then). 

The soap solution and washings from the unsaponifiable estimation are 
united, evaporated dowR on the water bath until alcohol free, the soap taken 
up in water, decomposed with acid, and poured into a separator and shaken 
out with other twice, each time w'ashiug the ether with water until acid free ; 
the ether is then distilled o(T, and the fatty acids in the flask dried in the oven, 
cooled, and weighed. The fatty acids are kept for further examination. The 
total saponifiable contents of the sample consist of the free fatty acids plus 
the combined fatty acids. 

IODINE VALUE. 

The iodine value of oils and fats is of the greatest value when the purity 
of a single oil or fat is in question, or when determining the composition of a 
mixture, if the constituents but not the proportions are known. The additive 
nature of die iodine value makes it possible to calculate what the iodine value 
of a mixture of any number of oils will be, provided always that we know the 
iodine values of the oils used in making the mixture. This additive nature 
of the iodine ^alue also means that the presence of semi-drying or drying oils 
in ft mixture can be completely covered up by mixing with oils of low iodine 
value. This of course very much reduces the usefulness of the iodine value 
when examining mixtures, and after all in commercial work far more mixtures 
are met with than pure oils. Mixed oils oin bo found on the inarl^et with an 
iodine value of from 60 to 70 and yet containing a heavy percentage of semi- 
drying oils. 

When it comes to the matching of a mixture, additive figures are neeessary, 
and the only additive figures we have are specific gravity, refractive index, 
iodine value, and saponification ^value. , 

Many proceiises have been brought forward for the determination of the 
iodine value, but the original method of Hubris still the standard ; and#f c^rtf 
be taken to have an excess of 100 per cent, of iodine still ijresent when the 
absorption is at an end, the only objection that can be raised to thc^ptocess is 
the time requirflld, an(f even this objection can be largely done away \?iyi if tlfe 
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oil be weighed out and the iodine added last thing in the afternoon, allowing 
to stand overnight, and the titration be performed next morning. 

The HhblrProcess. — 26 grammes of resublimed iodine are dissolved in 
500 c.c. of absolute alcohol, and 30 grammes of mer<ftific chloride are also 
dissolved in another 600 c.c. Of absolute alcohol. These solutions are kept 
separate and the amount required prepared by mixing equal quantities of the 
two solutions twenty-four hours before using. For the titration, 24 grammes 
of sodium thiosulphate are dissolved in 1 litre of distilled water. 

Volhard’s method of standardising the sodium thiosulphate is very con- 
venient, and the only solution required is made by dissolving 3*8774 grammes 
of pure fused potassium dichromate in 1 litre of distilled water. This 
solution will keep indefinitely. 10 c.c. of a 10 per cent, solution of potassium 
iodide, 5 c.c. of hydrochloric acid, and 20 c.c. of the diohromate solution are 
mixed in a porcelain dish, diluted with 60 c.c. of water, and titrated with 
the thiosulphate solution \mtil the solution is straw coloured. 1 c.c. of a 
0*5 per cent, solution of starch is added as indicator, and the titration con- 
tinued until the blue colour of the solution just disappears. The thiosulphate 
solution should be dropped into the dichromate, not run in, as when added 
too quickly it is more difficult to obtain results which agree. Tw*o titrations 
should not difter by more than 0*1 c.c. of thiosulphate. Since ^ach cubic 
centimetre of the dichromate solution liberates 0 01 gramme of iodine, tfie 
20 c.c. used will liberate 0*2 gramme of iodine. 

The chloroform used as solvent for the sample s^iould be the purest that 
can be obtained, preferably Duncan’s B.P. Carbon tetrachloride may be 
used as solvent in place of the chloroform. 

Amount of oils and fats to be weighed out : — 

0*1 gramme of resins. 

0*15 ,, ,, drying and semi-drying oils. 

0*3 „ „ non-drying oils. 

0*5 „ „ solid fats, 

1*0 „ ,, mineral oils, mineral waxes, and white stearines. 

The sample is weighed in a weighing bottle, and the recjuisito number of 
drops dropped into a 12-oz. narrow-mouthed stoppered bottle, dissolved tn 
10 c.c. of chloroform, and 25 c.c. of the mixed iodine and mercuric chloride 
solution added ; the bottle is then stoppered up and placed overnight iiF a 
dark cupboard. Next morning 15 c.c. of a 10 per cent, solution of potassium 
iodine are run round the bottle stopper and neck, 150 c.c. of distilled water 
added, and the bottle shaken ; the excess of iodine is then titrated back jvith 
the thiosulphate solution, using starch solution as indicator. During the 
titration, if the bottle be rotated in an upright position on the bench, and then 
tipped to an angle of 45 degrees whilst the contents are still rotating, this 
method of shaking will be found to aid the extraction of the free iodine from 
the chloroform and shorten the time required for the titration. One blank 
test should be put on for every ten tests that are started together ; this blank 
, ehould De titrated after the fifth test. If the number of tests is more than ten, 
one blank must be titrated before the first test anc^the second blank after 
t^e last test,* and the average of the two takdii as the titration of the blank, 

• I^Wijs^raethod is used it is much cheaper to prepare tlte iodine chloride 
«-in*the laboratory by dissolving 13 grammes of iodine in 1 litre of glacial 
..acetic acid, and pass a current of chlorine through the solution until the 
colour ofc'the soli^ion changes to a decidedly paler shade. The solution thus 



obtained is used in tlie same way as the Hubl solution, except that the time is 
so much shortened that in every case the titration can be made after only four 
hours’ standing. This will be found long enough even for resins which have 
the highest iodine value of any oil or fat yet examined. A farther advantage 
is, that the solution is so stable that a blank need only be made every month. 
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Animal oil, palo 

64-2 to 71-6 

Distillate from Seconds of 


,, brown . 

63-3 

grease dis- 


Arachis oil, refined . 

83 

tillation . 

48-2 

Black oils. 

40-1 to 81-9 

,, Redistillation 


,, extracted . 

19-3 to 36*0 

of medium 


,, pressed 

19-1 

gi-ease 

36-9 

Blown coUton oil 

55 '9 

,, Redistilled 


, , East India rai)e oil . 

62-2 to 66-9 

hard grease 


y Block Sea rape oil . 

66-0 

(French) . 

38-0 to 38-1 

,, whale oil 

64-8 to 67-2 

Fatty acids from — 


Boiled linseed oil 

122-1 to 105 -8 

Paloanimol oil, commer. f.a. C3-6 

, , , , substitute 

57 to 109-7 

Castor oil, finsts, ,, 

89*1 

Bone fat, Iwiled 

62 -9 to 53-4 

,, seconds, ,, 

89-1 

,, extracted . 

64-6 to 58-8 

Cotton oil, ,, 

106-4 to 111 -3 

Canieline oil, refined 

155-5 

Fish oil, ,, 

143*7 

Castor oi^ firsts 

81 -7 to 86-7 

Japan fish oil, ,, 

123-6 

,, seconds . 

84-7 to 86-5 

Linseed oil, , , 

167-7 

,, miscible . 

79-4 

Maize oil, , , 

119-7 to 1271 

Cod oil, crude daik . 

165-6 

Rape oil, ,, 

148*9 

,, ,, British •. 

147-2 to 169 

Soya bean oil, , , 

1-24-1 to 141 

,, ,, Scotch 

134-8 

Whale oil, 

107 -2 to 136*6. 

, , Coast . 

134-8 

Turkey red oil 50% 

71*0 

„ „ Hull . 

157-4 

- 60% Black oil 

60*1 

,, Japanese yellow . 

147-2 

66% Grease distillate 

26*7 

,, Newfoundland yellow 143 r> 

70/75% 

36*9 

• II M brown 

138-4 to 142 -8 

Soft grease . 

67*6 

Cocoanut oil . 

10-4 

Haid „ . . . 

.27-0 

,, pressed . 

8-6 

60% Oleine . 

40-7 to 51-2 

Colza oil, English 

94-3 to 113-8 

47% . . . 

47-2 

,, German 

107-7 

Black oil stearino, 100/1 06 


,, ,, Stettin . 

99-6 to 106 

M.P. 

26-2 to 29-4 

Cotton oil, e<lible Egyptian 

105-4 

Fish cake, white 

72*2 

,, Bombay, refined 

104 

,, yellow 

101*6 

,, refilled 

99-1 to 103 

,, brown 

58-8 

,, • ,, filtered . 

102 to 107-4 

Gas oil from grease distilla- 


* Distillate from Malabar cod 


tion .... 

48-9 to 60-2 

fatty acids 

57 0 

Soft greases . 

25-2 to 84*7 

,, Sea elephant 


Medium . 

26-8 to 41-3 

, oil, fatty 


Hard ' . 

23 -8 to 43 -8 

« acids 

65-3 

American half-white oil — 


,, Whale oil, 


8p. gr, -8486 . 

9-1 

fatty acfda 

74-8 

,, -8574 . 

9-0 

, , 60 per cent. 


„ -8690 . 

7*8 

Block oil 

64 7 

Ilempeed oil, crude . 

161*8 

, , Extracted 


Herring oil, dark *. 

1*10-3 to 117*1 

Black oil 

16*8 

Horse oil . 

76*7 

,, .Soft greases 

62-9 to 64-7 

Hot neck grease 

26*7 

, , Medium grease 36 9 to 61 *6 

Hot press oil (candle-maker’s) 711® 

,, Hal’d grease 

40 3 to 49-4 

Ilhpe butter 

60-3 

,, Redist. yellow 

Japan fish oil . 

101-9 tol21-l 

stearino . 

45-« 

Lai-d oil, prime . .• 

70 -6 to 74-8 

,, ’ Claa oil from' 


,, extra winter strHin«l 69 ‘S to 76*6 

grease dia- 


Lii^eed oil, Canadian 

186 • • 

tillation . 

60-7 

,, Plate 

171*8 
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Menhac^n oil, straw . 

147-2 

95/100 per cent. Oleines— 


,, ^bro^n 

American pale mineral oils — 

165 -2 to 189 -6 

English brown, distilled 

83-4 to 84-4.* 


French white, ,, 

,, brown, ,, 

84*4 

Mineral colza, Pe!ina . 

2-4 to 8-0 

78*3 to 88-9 

860/865 neutral, ,, 

8-8 to 11-2 

Fish brown, saponified . 

138*6 to 163*8 

880/885 

10-4 

,, distilled 

Spanish brown, saponified 

86-1 to 97 

880/885 

15 -6 to 18 4 

80 

885/890 neutral, ,, 

12-4 

Soya beau brown , sapon ificjd 120*4 

890/896 

6-7 

Recovered oleines, 40% 

517 to 66*5 

900/905 

117 

„ „ 45% . 

64*4 

900/907 

97 to 10-5 

,, „ 50% . 

67-2 to 58-8 

905 

8*4 to 11*1 

65% . 

65-7 

912/916 

900 spindle, Mexican 

7-9 to 8-5 

.. 60% . 

60*2 to 66*9 

7-6 

„ „ 66% . 

51?*6 to 62-8 

920/925 pale Texas 

9-2 

„ „ 70% . 

62-4 

980/935 

American red mineral oils — 

9-2 

„ 80% . 

66-0 


,, ,, French 50% 

61-2 to 61 6 

912/915 Penna . 

107 to 16-3 

,, ,, cotton 50/55% 


926/930 Kansas 

8-9 

filtered . 

68-7 

920/930 Texas 

12-4 to 22-1 

,, ,, cotton 70/75% 


930/940 ,, . . 

12-9 

filtered . 

72-6 to 79-9 

Ameiican filtered cylinder oils 

— 

Olive oil, Algerian . 

82-3 to 86-6 

885/890 high cold teat . 

6-9 to 10-3 

,, Candia 

79 -,8 to 88-3 

880/890 low cold test 

8-8 to 13-3 

,, Gallipoli , 

78 

Dark cylinder oils . 

11-3 to 177 

,, Malaga 

82 to 86*5 

American black mineral oils — 


,, I’harm.i . 

86-6 to 85*9 

910/916 

19 3 

,, Seville*’ . 

83-6 

Texas crude. , 

13-1 

,, Smyrna 

83-2 

Galician mineral oils— 


,, Substitutes 

P.ilm oil . 

59-9 to 94-7 

880/886 pale . 

10*4 to 13*2 

51-4 to 53-8 

900/905 „ . 

6-1 

,, ble.ichftd 

51-1 

916 . 

8 9 

Paratiin wax, Scotch, 110/112 


Roumanian residuum 

Russian mineral oils — 

17-8 

M.P. 

„ ,, 118/120 

10*5 

895 spindle . 

2*6 to 3*0 

M.P. 

4-9 

907 engine . 

3-0 to 8-5 

„ „ 120/127 


912/915 red cylindta 

100 

M.P. 

3-3 

Kerosene residuum , 

6*9 

,, Ameiican, 106/108 


Scotch mineral oils— 


M.P. 

5-4 

860/868 

28-8 to 41-6 

,, ,, 120/122 


880/885 

20-2 to 22-2 

M.P. 

1-9 

Neatsfoot oil, English 

58-4 to 63-2 

,, ,, 13.5/140 

• 

, , , , filtered 

70-6 to 75-1 

M.P. 

1-0 ' 

,, N. American 

607 to 71 

,, ,, 130 yellow 


,, filtered 

70-6 to 71 

scale . 

3-6 

,, S. American, 


I’etroleum jelly, wliite 

• 6-7 to 8-1 

filtered . 

69-1 to 72-6 

,, ,, yellow . 

Pitchccs, mineral oil, Penn.sy 1- 
vania. 

9-1 to 11 *3* 

Neutral wool fat 

95/100 j»ercent. Oleines — 

19 7 to 227 


Australian white, distilled 

77*9 to 79 6 

180 M.P. 

42 7 

American « 

82*1 to 113-3 

,, ,, Kansas 

31-2 

frowii, •„ 

76-8 to no 

,, ,, Russian, 


Belgian white, ,, 

827 to 84-4 

150 M.P. 

66-1 

„ t»rown, ,, 

,, •white, saponified 

80 6 to S7-7 

,, wool grease, English 

29-0 to 46*2 

69-5 

,, ,, French. 

38-1 

,, brown, ,, 

66*4 

Rape oil, Black Sea, crude 

no 8 

Cotton*brown. distilled . 

83*4 to 99 -6 

M ,, * refined 

108*0 to 114*8 

Dutch white. ,, 

82*2 

„ ^ast India, ,, ^ 

101 to 107 *6 

•„ browif „ 

8-2-3 to 86 -1 

,, German 

99-5 

*SBglifh white, ,, 

• 

i 

847 • 

,, Jamba 

102 
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Rosin, American K . 

200-2 

Stearino, recovered, 

• 

'• ,, French K 

223-8 

pale, 100 MTP. 

24-4 to 38-9 

,, „ WW . 

,, Greek . 

Liquid resin 

2-28-6 

,, ,, ,, 100^105 


222-6 

M.P. from 


145*7 

black oil 

32-9 to 34 3 

Resin oil, pale neutral 

84 2 

110 M.P. 

26-8 to 31-4 

,, ,, refined 

,, dark ,, 

27 tor 60 1 

„ ,, IIOM.P., 


63-8 

cotton 

91-9 

,, ,, sweet refined 

52-9 

110/115 


,, grease making . 

77-4 

M.P . 

23-9 

,, ,, strong 

Rice oil, English 

69 7 

,, ,, 120/125 M.P. 


96-6 to 107-9 

pale, fiom 


Salmon oi|^ Californian 

Sea elephant oil 

146-2 

greases 

12-2 

117-4 to 120-6 

,, ,, 120/125 M.P. 


Seal oil, water white 

147-9 

yellow 

29-8 to 31-8 

straw . 

Seconds from hard grease 

124-4 tol42-.5 

,, 130/135 M.P. 



jmIc , 

1 1 -2 to 21 -4 

distillation . 

39-8 to 41-7 

,, 130/135 yellow 

17-7 

Shark liver oil, refined 

106-4 

140/145 M.P. 


Spirit oil from gieaso dis- 
tillation 

56-6 

cholesterine 
wax . 

34-4 to 41-4 

Soya bean oil, English re- 


'fallow mutton . 

39-4 

^ • lined 

116 2 to 136-1 

M No. 2. 

48-6 

,, ,, Manchurian 


,, beef No. *2 

Tea seed oil, U‘fino<l . 

51-4 

refined . 

136-3 

84-1 to 84-7 

Sulphonated oils, 70% castor 

53-7 to 58*1 

Tiing oil .... 

158 7 

n 60% „• 

34 

Unsap. from 60% black oil 

33-4 

,, 25% ,, 

19-1 

,, bard giease . 

47*4 

,, ,, 50% maize 

33-3 

,, 66% distillate 

63-9 

, , , , 60% seal 

46-4 

75% „ 

71-5 

,, ,, dark soluble 


60% ., 

M 707o oleine . 

67-7 

leather oils 

6-2 -1 to 80-8 

68-3 

,, ,, pale soluble 


„ 60% „ 

62-4 

leather oils 

28-2 

60% „ . 

67-9 

,, ,, rnonopol oil 

47-1 

,, neutral wool fat 

32-1 

M fi M 

Sperm oil, Arctic 

40*8 

„ 100/105 M.P. 


72-4 to 84-8 

pale stearino 

47-2 to 49-8 

,, Southern , 

79-8 to 80-3 

Walnut oil 

128 3 

Stearino candle, 122 M.P. 

‘23-4 

'Whale oil No. 0 

105-8 to 133-4 

, ,, ,, 130/135 M.P. 

,, recovered, white, from 

9*4 to 14*8 

„ No, 1 

119*7 


„ No. 2 

108-7 to 126-2 

_ * black oil, 


,. No. 3 

114-8 

115 M.P. 

25-1 to 23-7 

,, No 4 

121 5 


• SAPONIFICATION VALUE. 

The saponification value of an oil or fat is the number of milligrammes of 
caustic potash required to saponify 1 gramme of the oil or fat; this figure 
is of course ten times the percentage of potash required to stmonify the 
sample, and in commercial work the percentage of pfttash is’tho figure 
generally required. 

Two to three grammes of the sample (not more) arc weighed into a 
resistant glass flask, 25 c.c. of approximately N/1 alcoholic potash adaed, and 
boiled for ibhirty mipukss under a reflux condenser. After cooling, the 
contents of thg flask are bacR titrated with N/2 hydroohlorlb acid, usmg 
phenolphthalein as indyiator. A blank test must be made with e%ch b§toh of 
tests started, the number of cubic centimetrfis of acid used ^or the back titra* 
tion is subtracted from the number of cubic centimetres required* for the 
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blank, then the difference multiplied by 0-2805 and divided by the weight of 
the saipple taken gives the saponification value of the sample. 


f 

Sample^ 

Saponifi- 

cation 

Values. 

Sample. 

SAPONIFIr 

CATION 

Values. 

Animal oU, pale . 

198 to 198 

Recovered oleines, 70 jier cent. 


,, ,, Drown 

196 

• saponifiable 

152 

Arachia oil, refined 

193 

,, ,, 65 per cent. 


Black oil, recovered 

119 to 198 

saponifiable 

146 

„ „ o extrack'd 

86 to 45 

,, ,, 60 per cent. 


Blown East India rape oil . 

188 to 213 

saponifiable 

147 

,, Black Sea rape (ravison) 

214 

,, ,, 65 per cent. 

.167 

,, cotton oil . 

215 

saponifiable 

,, whale oil . 

214 

,, ,, 60 per cent. 


Boiled linseed oil . 

184 to 188 

saponifiable 

116 

,, ,, substitutes 

80 to 98 

,, ,, 46 per cent. 

• 

Bone fat ... . 

196 

saponifiable 

104 

Castor oil, firsts . 

176 to 183 

Olive oil, Algerian ^ 

182 to 198 

,, ,, seconds 

182 

,, ,, Candia . 

188 to 198 

Colza oil, Stettin . 

169 to 178 

,, ,, Gallipoli 

180 to 196 

178 

,, ,, Malaga . 

186 to 193 

Cocoanut oil, pressed . 

264 

,, ,, Seville . 

187 

Camelino oil, refined 

189 

,, ,, Smyrna. 

495 , 

Cod oil, British cnide . 

170 

,, ,, Sulphur 

194 to 213 

,, „ ,, tanked. 

180 

,, „ Substitute 

Palm oil • 1 • 

164 

,, ,, Japanese . 

187 

201 to 215 

,, ,, Newfoundland. 

187 

,, ,, bleached. 

Rape oil, Black Sea (ravison) 

202 

Recovered grease distillates 


179 

80 percent. 

168 

,, ,, East India, refined . 

169 to 177 

„ ,, ,,70 percent. 

144 to 148 

,, ,, Jamba . 

Sardine oil . . . 

162 

Fish stearine, pale 

197 

193 

,, ,, brown 

198 

Seal oil, white 

196 . 

Recovered grease, soft, under 


Sea elc]>bant oil . 

188 to 194 

20 per cent, unsap, . 

160 to 180 

Sperm oil, Arctic . 

111 to 139 

Recovered grease, medium. 


,, ,, Southern 

Soya bean oil, refined . 
Recovered stearines, pale 

120 to 138 

under 28 per cent, uusap. . 
Recovered grease, hard, over 

160 to 160 

191 to 197 

28 per cent, uusap. . 

91 to 130 

100/106 M.P. 

160 to 195 

Japan fish oil . ■ . 

184 to 185 

,, ,, pale 


Lard oil, extra 

192 to 198 

110/112 M.P. 

166 

,, ,, prime 

197 to 201 

,, ,, pale 


,, ,, brown . 

199 

120/122 M.P. 

*121 » 

Linseed oil, Baltic 

188 to 191 

,, ,, pale 


,, ,, Canadian . 

192 

130/135 M.P. 

130 

Menhaden oil, brown . 

186 to 189 

,, ,, yellow 

pale 136/140 M.F. 


Neatsfoot oil, filtered . 

188 to 198 

164 . 

,, ,, unfiltered 

194 to 198 

Tung oil ... . 

197 

„ ,, American 

193 to 204 

Tallow beef .... 

193 

95/100% oleines, American 


Walnut oil, refined 

185 

brown 

194 to 200 

Walrus oil, refined 

195 

,, Bel nan white 

196 

Whale oil, No. 1 . 

196 

„ ,, fiii^ish brown 

180 to 195 

„ 2 . 

184 to 196 

,, * ,, French white 
„ ^ „ „ brown 

206 

204 

M „ 3 . . . 

196 


• DETERMINATION OF VOLATILE FATTY ACIDS. 

, The Rei^ert-Meissl value is usually taken as the measuie of the amoiml 
©f yohMiile fatty acids present in.a sample, but, at the best, it only account! 
for 80 per cent, ef the total present. ^ 

Rcfclvert-I^ltissl Value. — Take a flask of about 300 c.c. capacity anc 
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weigh into it 6 grammes as near as possible of the sample, add 2 grammes 
of stick caustic potash and 25 c.o. of alcohol, fit flask with reflux tube, boil 
the contents for thirty minutes. The flask is now uncouplet^ frqpi the reflux 
aiid heated on the steam bath until all the alcohol has evaporated off (this is 
most important). Add 132 c.c. of distilled water to the contents of the flask, 
and warm until the soap is completely dissolved. Then add 8 c.c. of sulphuric 
acid (made by mixing one part of concentrated sulphuric acid and four parts 
of water, both by volume), next add two or three pieces of pumice about pea 
size. Tlie flask is now coupled to a bulb tube, to prevent spirting, and to a 
condenser, and the contents of the flask warmed until the fatty layer is clear, 
and then boiled until 110 c.c. have distilled over. The distillation should bo 
completed in about thirty minutes. The distillate is now mixed and filtered 
through a»dry filter paper, rejecting the first 10 c.c. that comes through. 
100 c.c. of the filtrate arc titrated witliN/lO caustic potash, using phenol- 
phtlvilcin as indicator. Increase the number of cubic centimetres of N/10 
alkali required by 1/10 (to allow for the 10 c.c. of the distillate not titrated). 
The number of cubic centimetres of N/10 alkali which would have been 
required if exactly 5 grammes of the sample had been taken is now calculated. 
The result is the Ueichort-Meissl value of the sample. 

Recovered greases over 28 per cent, unsap. . . 3*9 to 5*94 

* Neutral wool fat . . • • ... 5*21 to 5‘79 

Pressed black oil . . . • . • • 1*71 to 3*39 

If the doterminatioif of the whole of the volatile fatty acids present in the 
sample is required, the process is carried out like the Hcichert-Meissl, so far as 
the saponification, evaporation, and decomposition of the soap. Then tlie 
distillation flask must be coupled to a flask or can for generating steam ; the 
steam is blown into the distilling flask, and the distillation continued until 
iflO c.c. of the filtered distillate do not require more than 0*1 c.c. of N/10 
alkali for neutralisation. 

TOTAL INSOLUBLE FATTY ACIDS. 

The Hchner value has no meaning except in the case of fatty oils contain- 
ing practically no alcohols except glycerol and free from other unsaponifiable 
matter. With many commercial products this determination is only fatty 
a^ids plus* un^ponifiable matter, unless one extracts the soap solution with 
ether or petrol first. 

Hehner Value.— Saponify 4 grammes of the sample with approximately 
N/1 alcoholi# potash, and evaporate to a paste. Then dissolve the soap in 
waler and wash into a weighed beaker, using in all 400 c.c. of water, add 
excess of hydrochloric acid, and heat until the fatty acids have collected into 
a clear layer on the surface (in the case of Ikpiid bodies 5 grammes of paraffin 
wax must be added in order to provide a solid cake when cojfl), cool thoroughly, 
pour the aqueous liquor through a filter, and wash the cake with cold water 
Vvithout removing it from the beaker. Stir up the fatty acids in tko beaker 
With 250 c c. of hot water, cool thoroughly, filter, and wash the cake again. 
Repeat .this treatment throe times. After a final thorough washing with 
cold water, place the be^er cojjitaining the fatty acids beneath tjie funnel, and 
dissolve any fwtty acids which the filter carries by washing tlie filter with 
Absolute alcohol, allowing the alcohol to ,run into the beaker coiftaipi^ 
the fatty acids, evaporate off the alcohol, and dry to constant weight in the 
water oven. 
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The aboVe is not the original method of Hehner, anJ usually gives results 
higher by 1 to 2 per cent, than the original. The washing of the fatty 
acids on the filter, which was the original method of Hehner, so very often 
resulted in g^obftles of fatty acids being found in the filtrate, that any means 
of avoiding this washing is to be welcomed. The process as given above is that 
used by the Government laboratory at Somerset House. The chief value of the 
above process is in detecting the addition of oils containing a fair percentage 
of volatile fatty acids, such as dolphin or porpoise oils, say, in crude whale. 
It will be found useful to check all marine animal and fish oils in this way at 
regular intervals. 

MACKEY’S OIL TESTER. 

This and the heating tost with sulphuric acid are the quickest means wo 
have for deciding as to the safety (for insurance purposes) of oils used in the 
textile trades. 

The Mackey tester may be procured from Reynold’s Branson of Leeds, 
and full instructions are given with the apparatus. 


TABLE OF RESULTS OBTAINED WITH MACKEY TESTER. 


Oil. 


Teniperaturo 

F. in one Htftir. • 

American, 96 per cent, brown Oleine 

210 

• 

300 in 75 minutes 

ft ti tt 

300 in 50 minutes 


,t •» *> M n 

209 


300 in 75 minutes 

M 1) •> >» »> 

207 


300 ,, 80 

1) I* >» 

210 


216 ,, 2 liours 

„ ,, „ white ,, 

201 


M M X 

Australian, ,, ,, „ ,, 

•205 


208 ,, „ ,, • 

Belgian, ,, ,, brown ,, 

200 


206 ,, „ ,, 

Cotton oil, refined 

300 in 55 minutes 


English brown, 95 per cent. Oleine . 

213 


300 in 80 minutes 

HI *> - • 

200 


202 in 2 hours 


203 


209 „ „ „ 

,, pale .» • 

203 


300 in 101 minutes 

Fish oil fatty acids 

205 


300 „ 76 „ 

300 in 35 minutes 


French brown, 96 i)er cent. Oleine . 

188 


206 in 2« hours 

,, pale ,, ,, • 

204 


285 „ „ ,, • 

9 olive oil, 1 seal oil 

203 


215 „ ,, ,, 

Olive oil, substitute 

240 


300 in 82 minutes 

^ 

265 


800 „63 ,, 

Sea Elephant oil 

280 


300 ,,65 „ • 

Seal oil, white 

300 in 48 minutes 


Soya Bean oil, refined .... 

220 


300 in 89 minutes 

Whale oil, white 

300 in 37 minutes 


Cotton Oleine, 70 i>er cent. 

204 


300 in 2 hours 

Wool grease Oleine, i, • • 

206 


300 in 96 minutes 

>» t» • • 

226 


300 „ 80 „ 

,« 

204 


300 „ 94 

^ * If • • 

205 


216 in 2 hours 

” ’* ” ,> »» • • 

203 


217 „ „ ^M 

” ' MX 

201 

• • 

300 in 90 minutes 


198 

• 

300 „ 90 „ 

V ” " 

207 


300^,, 79 „ 


201 

• 

206 in 2 hours 

M M M *40 . . 

• 

204 


207 
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SPEC*FIC TEMPERATURE REACTION. 

This is tho form given to the Maumeno test by Ballantyno and Thtmson. 
Originally Maumcne took 50 c.c. of oil, added lOc.c. of concentg-atad sulphuric 
acid, and stirred with a thermometer until the mercury ceased rising and the 
highest point reached was read off, then the higliest point rCached minus the 
^ original temperature of the oil and acid gives the Maumeno value of tho 
sample. 

It was found later that a difference of 2 or 3 per cent, in the acid content 
of the sulphuric acid used made a considerable difference to tho results. 
Thomson and Ballantyno found that if a blank test was made, using water 
instead of oil, and the rise obtained with water divided into the rise with oil 
and the result multiplied by 100, the difference in the tost of the acid used 
did not affe«t tho result, which they called the specific temperature reaction. 

The proposal to add mineral oil with a known test to keep down the high 
rise given by drying and fish oils is of no value, but an actual hindrance when 
examining mixtures. 

Although this test has had ridicule heaped upon it because it is only 
supposed to give in a poor way tho information given with accuracy by tho 
iodine value, it really gives information in one operation, and that only a 
short one, which the iodine value of the same sample would not give a trace 
of* Take the case of mixtures containing drying or semi-drying oils. A 
mixture had an iodine v.aluo of f)2’3, had no bloom to indicate mineral oil, 
contained no dinitro-riaphthalone, and yielded no yellow colouring matter to 
alcohol, and therefore contained no dcbkA)n»ed mineral oil, so that the iodine 
value G2*3 would not lead' one to suspect tho presence of semi-drying oils; 
ne u^.rtheless, the sample had a specific temperature reaction of 106, which 
gives immediate indication of semi-drying oils. 


• TABLE OP VALUES OBTAINED WITH BALLANTYNE AND 
THOMSON\S METHOD. 


Oil. 

Sprcivic Thmcer- 

AIUKK RkACIION. 

Oil, 

Specific Temper- 
AruuE Reach ON. 

• 

A^norican, 9f)% Oleine 

Dej^ieoH F. 

Englisli, 967) Oleine 

Degree.s F. 

white 

,, ,, Oleino 

102 

s,i|». brown 

Knuicb, 957, Oleino 

100 

brown 

109 to 13.3 

blown 

107 

•It )) ^Ifiin* 


Olive oil . 

91 

blown 

Australian, 96% Oleine 

97 

,, ,, substitute 

Rape oil, East India, 

106 CO 117 

white 

76 

tefinod 

113 

lielgian, 96% Oleine 


Ravison, refined . 

117. 

white 

107 

Seal oil, white . .• 

186 

,, ,, Oleine 


Soya Bean oil, refined . 

173 

brown 

96 

Wool grease Oleines, 

• 

Cotton oil, refill oil 

164 

gonnine . 

82 to #0 

Dutch, 96% Oleine white 

88 

Wool gioase Oleines 


English, 967„ Oleino 

. • 

containing resin^ 

132 to 1*46 

white 

• 

126 • 


• _ • 


To gain as much information from tho fodine value on^ would have *to 
separate first free fatty acids, then the unsapoiiifiable matter, and finjtlly the 
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fatty acids of the portion originally present as neutral oil. The iodine value 
of these last fatty acids would then give the information obtained in a few 
minutes by/.he,specifio temperature reaction. It must not be forgotten that 
it is not possible to calculate what the specific temperature reaction of' a 
mixture will be from the figures given by the constituent oils. When the 
analysis of the above mixture was finished its specific temperature reaction 
calculated from the constituents was only 88 against the actual figure 106. 
The specific temperature reaction being constitutive and not additive explains 
why it is of such great value in the examination of mixtures. 

The procedure of Thomson and Ballantyne should be followed, and the 
reaction carried out in a Dewar vacuum tube. 

LACTONES. , 

The presence or absence of lactones is at present without commercial 
significance, yet their presence makes large errors possible in the determi- 
nation of the molecular weight of the fatty acids from all products that 
contain lactones. 

Determination. — About 5 grammes of the sample are weighed into 
a flask, dissolved in absolute alcohol, warming if necessary. When quite 
cold, phcnolphthalein is added, and cold alcoholic potash is run in until the 
solution is alkaline. The cold solution is then extracted with erther meljh. 
twice, the ether is wa.shed twice with water, run off into a weighed flask, the 
ether distilled off, and the lactones in the flask dried in the oven and weighed. 

Lactones may be determined volumctrically, but those present are not 
always stearolactone (molecular weight *282), which is the lactone usually 
calculated to. 

PERCENTAGK OF LACTONES. 

Wool grease Stearines . . 0 ‘8 to 3*6 per cent. • 

• ,, Fatty acids . . Always present ; it is doubtful if a sample 

of wool grease fatty acids has yet been 
prepared free from lactones. 

Hard Yorkshire Grease. — The total saponifiable matter from a 
sample of hard Yorkshire grease contained 10 85 per cent, lactones, determined 
gravimetrically ; and the molecular weight of the fatty acids after removing 
the lactones was 342. 

The aaponi^able matter from the same sample was heated in *the boiling 
water oven for further periods to determine the rate at which the lactones 
are formed, and each time the molecular weight of the fatty acids was 
determined in order to find if possible whether the fatty atids that form 
the lactones are those of high or low molecular weight. The following figures 
also give an idea of the accuracy obtainable in such experiments : — 


Peboektaok 

Saponifiable 

PERCENT AO F, LoSS AFTER H EATING FOR | 

% 

Lactones. 

Molecular 

Weight 

MatIer. 

. • 

8 Hours. 

16 Hours. 

24 Hours. 

32 Hours, 

Grav. 

Acids. 





• 

, 10*86 

842 

64*90 _ 

I'i’i 



• 

15*77 

372 

• |4*91 • 

1*16 

1*’40 



17*60 

898 

• 64*86 

1*20 

... • 

1*64 


21*16 

404 

64*96 

• y 

•1*28 

... 


]"68 

24*66 

481 


T 
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The lactones require 1 c.c. of N/1 KOH to neutralise 1 gramme. The 
inc1:ease in weight on boiling the lactones with acetic anhydride ^yas 4*4 
per cent. . , 

The above experiments show that the y-hydroxy acids from which the 
lactones are formed are contained amongst the fatty acids ef lower molecular 
weight. 

ACfeTYL VALUE. 

Orig^inal Process. — About 5 grammes of the sample are boiled in a 
small round-bottomed flask for thirty minutes with acetic anhydride, using 2 c.c. 
of anhydride for each gramme of the sample taken. All alcohols present will 
dissolve completely in the hot acetic anhydride ; any floating globules will 
consist of loineral oils or waxes. 

Next add 30 c.c. of water to tlic contents of the flask, and again heat 
the ^ask till the contents boil (to decompose residual acetic anliydrido). 
The whole- is now poured on to a wet filter, and washed with hot water until 
acid free > the filter and oil are placed in a beaker, and dried in the oven to 
constant weight. 

Two grammes of the acetylatod sample are weighed into a flask, and the 
saponifiable value determined in the usual way ; this saponifiable value 
is the acetyl value of the sample. 


• Sample. 

Acetyl Value. 

Crude Wool grease 

156 

,, ,, Uiihaponiliablo matter 

60 per cent, recovered black oil 

131 

129 

,, ,, ,, Unsaponiliablc mattei . 

Sperm oil, Unsaponifiable matter ' 

32 

181 to 188 


This old process, as given above, has been severely criticised by Lewkowitscli, 
but if one adopts his process, it still does not give the results that Lewko* 
witsch claims. # ‘ * • . 

Acetyl Value, Lewkowitsch. — Ten or any other convenient number 
gramrals are boiled with twice the amount of acetic a»liydridc for two 
hours in a round-bottomed flask attached to an inverted condenser, the 
solution is then transferred to a beaker of about 1 litre capacity, mixed 
with 600 to#600 c.c. of boiling water, and heated for half an hour, whilst 
a Slow current of carbon dioxide is passed into the liquid through a finely 
drawn-out tube reaching nearly to ^tho bottom of the beaker; this is done 
to prevent bumping. (A small piece of porcelain placed in the bottom of 
the beaker is quite effective, and certainly more convenient.) TJie mixture 
is then allowed to separate into two layers, the water syphoned off, and the 
oily layer again boiled out in the same manner three successive tinges. The 
last trace of acetic acid is thus removed, as may bo ascertained bjr testing 
with litmus paper. Prolonged washing beyond a certain limit causes slight 
dissociation of the ifce?yl pr(|iuct, wdiioh would lead to too Jow an acetyl 
value. The acetylatod product is then filtered through a drj| filter pt^r 
in a drying oven to Remove water. The, whole operation may bo Carried 
out quantitatively, and in that case the fatty matter is tweated in a fashion 
similar to the^ modu^ operandi of the Hehner value. It may b^s Useful to 
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work quantitatively if it is desired to ascertain in the first instance whether a 
notable amount of glycerides of hydroxy acids be present in an unknown fat. 

About grammes of the acetylated product are then saponified by boiling 
with alcoholic potash, as in the determination of the saponification value. 
If the distillatiofi process be adopted, it is not necessary to work with an 
accurately measured quantity of standardised alcoholic potash ; in case the 
filtration process be used, the alcoholic potash must be measured exactly. 
It is advisable to use in either case a known volume of standard alkali, 
as one is then enabled to determine the saponification value of the acetylated 
oil or fat. Next the alcohol is evaporated off and the soap dissolved in water. 
From this stage the determination is carried out either by (a) the distillation 
process, or (h) the filtration process. 

(a) Distillation Process. —KAd dilute sulphuric acid (1 : 10), 'more than 
is required to saturate the potash used, and distil the liquid in a current of 
steam. 600 to 700 c.c, of water are distilled oft' (as a rule this will bo found 
sufficient), and the last 100 c.c. will be found to ixujuire no more than 01 c.c. 
decinormal alkali. Then titrate the distillate with decinormal potash, using 
phenolphthalein as indicator, multiply the number of cubic centimetres 
by 6 61, and divide by the weight of substance taken ; this gives the acetyl 
value. 

(b) Filtration Process . — Add to the soap solution a quantity o? standard- 
ised sulphuric acid exactly corresponding to the amount of alcoholic potash 
employed and warm gently, whereupon the fatty fields will readily collect 
on the top as an oily layer. (If the saponification value has been determined, 
it is of course necessary to take into account the volume of acid used for 
titrating back the e.xccss of potash.) Filter oft' the liberated acids, wash with 
boiling water until the washings are no longer acid, and titrate the filtrate 
with decinormal alkali. The acetyl value is calculated in the manner shown 
above (a). Both methods give identical results ; the latter requires less time, 
and will therefore bo found more convenient. 

The author had a few determinations made by the filtration process of 
Lewkowitsch with the object of finding out whether there was any chance 
of being able to dctcrniino the amount of castor oil in sidphonated products, 
but the results were so much at variance with those of Lewkowitsch as k® 
make one think that the supposed improvement introduced by Lfwkowitsch 
is of very doubtful advantage in commercial work, and further, to make o«c 
think that ohr real knowledge of the chemistry of this process is less than 
rudimentary. 

Since in analytical work we can only separate fatty acids, aftd cannot^use 
the original neutral oil, the following experiments were made on the fatty 
acids separated from the sample. The sulphonated oils were saponified in 
the ordinary way with alcoholic potash, and the soap decomposed and the 
fatty acid» taken f^r the experiments. 

Fatty Acids from 70 pbr cent. SunriioNATED Castor Oil. Acetyl Value 
96*8. — This was the average of two determinations. The sample was taken 
from af)atch made in the works from castor oil of known purity, and yet 
Lewkovitsoh states that a sulphonated oil giving an^cetyl value below 120 is 
a proof that •the oil was not pure castor, and^still the oil used was perfectly 
niftmal in aH its figures. * 

* .A Second sample was taken ^rom the same bottle, and decomposed with 
hydrocljloric acid instead of saponifying. Its Acetyl Value was 124. This 
a^ain wa»»the mean, of two determinations. 
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The Acetyl Value of original Castor oil 149*7. 

Fatty acids after sulphonation of the same oil with 50 per cent, of 
sulphuric acid. * ® 

M „ from saponification with alcoholic KOH JO 

M ») » decomposition with HCl 84*7 

Since the acetyl value of the fatty acids varies with the amount of sulphona- 
tion, the acetyl value, contrary to the statements of Lewkowitsch, is obviously 
useless for determining the nature of the fatty matter in sulphonated oils. 

The most curious feature is the difference in the results between the two 
methods of preparing the fatty acids, and this appears to show that the 
saponification with alcoholic potash does not decompose the sulphonated 
acids completely. 

^ EXAMINATION OF FATTY ACIDS. 

All fatty acids should always be freed from oxidised acids and lactones as 
far as possible (although in some cases, particularly the fatty acids from blown 
oils, sod oils, boiled oils, and wool greases and some of their products, this is 
almost impossible) before proceeding with their examination. 

The following estimations are usually suflicient to locate the origin of 
most samphjs : — 

Melting Point, if solid. 

Cold^Test, if liquid. 

Iodine Value. 

Oxidised Acids. 

Insoluble Bromides. 

Separation of Solid and Liquid Acids. 

Molecular Weight. 

The melting point and cold test of fatty acids are of doubtful value 
as indications of purity or otherwise, but are most useful commercially. The 
candle-rnaker places the liighest value on the sample which has fatty acids 
that show the highest melting point, because the higher the melting point of 
the fatty acids the higher the yield of stearine, which of course is much more 
valuable than oleine. The soap-maker also seeks the sample having the 
highest possible molting point of fatty acids, because the higher the molting 
pd!nt of the fatty acids the harder his soap will be, for a given percentage of 
soap present. On the other hand, when examining oleines the sample with 
the lowest col^ test is always to be preferred, because the lower the cold test 
the Jbettor the oleine will withstand the vagaries of our climate without the 
sample leaving the liquid stiite. 


MELTING POINTS. 


Fatty Acids. 

Melting Point in 
Capillary Tube 
(degrees Fahrenheit). 

Cotton oil, reffli«<r . « • 

Olive c»l 

Palm oil . • 

Tallow ....*. 

,, Oil, 

^ ■ 

104 • 

76*6 to 81 • 
116 

116 

100 • 
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COLD TEST. 


• * 

Fatty Aciijs. 

9 

Cold Test 
(Fahrenheit). 

Fatty Acids. 

Cold Test 
(Fahrenheit). 

Avachis oil ... 

Colza oil , . . 

Cotton oil . 

Japau fish oil 

Lard oil . 

Neatsfoot oil . 

G5 to 75 

50 to 58 

88 to 94 

61 to 78 

71 to 83 

41 to 88 

Neutral wool fat 

Olive oil . 

Palm oil . 

Tallow 
,, oil 

Whale oil . 

100 to 116 

56 to 80 

112 to 118 

105 to 113 

81 to 92 

60 to 83 


Tilo large variation in tlie cold test of tho fatty acids is ca'iscd by the 
variation in tlie cold test of the oil^ themselves ; neatsfuot oil, for example, 
varies from an oil quite clear even in winter, to one w hich is quite sofid and 
hard according to whether the oil has been hltered or not. 


IODINE VALUE OF FATTY ACIDS. 


Commercial Fatty Acids- 

Iodine 

Value. 

Fatty Acids prepared in 
Laboratory— 

. Iodine 
Value. 

Animal oil, pale . 

63-6 

50% Tut key led oil . 

71-0 

Castor oil, liists 

89*1 

60% Black oil . 

60-1 

,, seconds 

Cotton oil, refined . 

89-1 

65% Wool glease distillate 

26-7 

106-4 to 111-3 

70% 

36-9 

Fish oil . 

143 7 

Soft Vorkshlie gie.ise 

57-6 

Japan fish oil 

123 6 

Haid 

27-0 

Linseed oil . 

167-7 

50"(, Wool giease okine . 

46-7 to 51-2 

Alaize oil 

119-7 to 127-1 

47% 

47-2 

Rape oil 

143-9 

Pale Recovered steal ine, 


Soya bean oil 

Whale oil 

124-1 to 141 

molting {mint 100/105 . 

26 2 to 29-4 

107-2 to 135-5 



Oxidised Fatty Acids.— Under this heading are included : — 

A. Ail fatty acids insoluble in ether but soluble in hot absolute alcohol ; 
these are only found in products which have undergone a considerable amount 
of oxidation. * ^ 

7i. All fatty acids soluble in ether but insoluble in petrol-ether, sp. gr. 0’61, 
and which may be filtered off in a solid state. 

It must bo understood that oxidised fatty acids are only«found amongst 
the liquid acids, and that they are found amongst the free fatty acids df the 
sample. These oxidised fatty acids are not present in stearincs, hardened oils, 
etc. The original method of Fahrion is quite useless for the examination of 
most coKimerciaV products, because the presence of only 4 or 5 per cent, of 
unsaponifiable matter will lower the percentage of oxidised fatty acids found 
by anything up to 45 per cent, of tlie total oxidised acids present ; this error 
is caifted by the solubility of the oxidised acids in the petrol solution of the 
unsaponifiable matter. 

Oxidised Acids insoluble in Klher. — ^dlese^acidsare^lolid bodies of a resinous 
fippearancCi ; as found in degras, tliey were formerly called degras former ; they 
are found in sod oils and in hi'its from oils of high* iotline value. They are' 
left behind adlibring to the separator w hen soap .solutions containing them are 
^decomposed with acid to liberate the fatty acids ; the^atty acids are dissolved 




si'* 

W the ethef waited with water aiid run oif, the acids adheftng to the 
aid^ of the separator w^hed again Vith water, the resinous acids are dis- 
solved off the separator with hot absolute alcohol, the alcohol ^nin into a 
weighed flash, distilled off, and the residual acids dried and weighed. 


Sample. 

Percentage or Acids 
insoluble in Ether. 

Sod oil 

7-96 per cent. 

Whale oil foots ... . . 

5-99 „ 

No. 4 Whale oil 

! 0-10 „ 

Blown Whale oil 

6-26 „ 


Adds sqluble in Ether hit insoluble in Petrol-Ether . — Weigh 2 to 3 
grammes of the fatty acids into a flask, dissolve in 50 c.c. of petrol-ether, 
warmjng if necessary, cool, and allow to stand half an hour, filter through 
a dried and weighed filter, wash the filter with petrol until fat free, dry the 
filter, and weigh. 

The molecular weight of the fatty acids insoluble in petrol is always 
decidedly higher than the molecular weight of the normal fatty acids in the 
same sample. The great effect which these oxidised acids have upon the 
bq^aviour of commercial products, even when only present to the extent of 
1 to 1*5 per cent., hardly seems to have been recognised up to the present. It 
has long been known, for example, that some cotton oils make a good coloured 
soap, while the soap fronf other samples is much darker, or, in the words of the 
soap boiler, they “ work foxy.’' This discolouration is duo to the presence 
of oxidised acids in the oil. A large proportion of the dark colour of many 
commercial products is due to the same cause. 


Fatty Aoid.s from 


bone fat, extracted. 

American brown cotton soap 
Black cotton grease 
Sbft Yorkshire grease 
lll^rd Yorkshire grease 
Sewage grease , 

[' Grease from crude glycerine tai 
Skin grease, extracted 
White oleine, ASnerican . 
Recovered oleine, 53 per cent. 
Recovered oleine, 40 , . 

Sod, oil .... 
Wqpljat fatty acids ' 

No: 4 Whale oil . 

Rape oil foots . 

Wfiale fatty acids, commercial 
Fatty acid pitch . 

Btak ends nom wool grease 
^VMtfllation . , 

Whale oil .* 


,nks 



Peuc kntao k Pk trol 

INSOLUBLE IN AciDS. 


Per cent. 
114 
4-30 

,5-65 to 6074 

3 09 

7'5 

2-86 to 6-65 
16-8 
1-99 
0-86 
207 
201 
11-42 
18-80 

1-06 to 1-60 
34-02 
4-93 

23-21 to 64-44 

6-89 

13-86 


Molecular 

Weight. 


366 


435 

328 


338 

427 

876 

881 to^lS 

6401 

• 8-23 


materials containing oxidised fatty acids are distilled, a considerate 
tb© .oxidised acids, are left behind in the still as pitclv ^lft^ 





Amount of oxidised fatty acids in black cotton greiwes ts sometimes 
*"and the yield of pitch from these greases rises with the percentage hr oxidised 
acids HI the grease distilled. 

Separation of Liquid Acids as Bromides.—The bromides are 
thrown down as a precipitate on adding bromine to a solution of the oils 
' or their fatty acids.' 

Octobromides are insol. in Benzol. 

Octobromides and Hoxabromides . . . mi* Ether. 

Octobromides, Hexabromides, and Tetrabroraides „ ,, Petrol-Ether. 

Both direct bromination of the oils themselves and of the fatty acids 
separated from the oils have been used, but as the bromides from the fatty 
acids can be washed clean in much less time than can the bromides from the 
oils themselves, and similar results are obtained in both cases, the bropunatioii 
of the fatty acids is to be preferred. 

Preparation of Bromides. — About 1 gramme of the fatty acids is weighed 
into a flask, dissolved in 60 c.c. of the solvent, the solution cooled under the 
tap, while bromine is dropped in until it is coloured rod by excess of bromine. 
The flask is now corked up and let stand overnight. Next morning the 
contents of the flask are filtered through a dried and weiglied filter, the filter 
is washed with the solvent until fat free. If there is any difficulty in washing 
all the precipitate out of the flask it will be found easier to dry the flask and 
contents, weigh, and add the weight of tlie precipitate to that of the precipitate 
on the filter. 

Rough separation of Bromides. — In order to obtain the separate percentages, 
three estimations arc necessary : — 

1. Br;ommatiou of fatty acids in bcn/ol ppt. is octobromides. 

2. Bromination of fatty acids in other ppt. is octobromjides 

and hoxabromides. 

3. Bromination of fatty acids in pctrol-etlier ppt. is octobromides, 

hc.xabromides, and 
totrabromides. 

It will be found necessary to make all the three CvStimations, if any idea of 
the nature of the fatty acids present in the sample is rccpiirod ; for theugh the 
iodine value gives the measure of the amount of iinsaturated acids present, it 
^ives no information whatever as to the nature of the different acids present. 
For example : — 


Coas^ Cod oil . . . . Iodine Valyie 134*8 

Newfoundland Cod . . „ 153*4 • 

Tho fatty acids of both were brominateJff and gave 


- 

Coast Cod. 

Newfoundland Ood. 

Mix^ octobromidss and hexabromides 

42 *95 j)or cent. 

30*5 percent 

'Tetrabromides 

21 06 „ „ 

‘ . 

36*03 „ . 


f ^ pirpentage of octobromides from the Newfoundland cod was 11^5 
ctnji. The i^e-V.foundland cod, ‘although having the higher iodine 

percentage of mixed octo- and hoxabromides. , ' " ^ 


CHftHX0AL saCAMlNATlbK. , $6 

PEROBNTAGE OP*MIXED OOTOBROMIDES AND HEXABROMI^S 
,FROM FATTY ACIDS. • 


Castor oil, seconds 

Crude Scotch Cod oil . 
Coast Cod oil 
Newfoundland Cod oil . 
Cotton oil, refined . 

Soya Bean oil, refined . 

nil 

39 '6 per cent. 
42-96 „ 

40‘13 „ 

nil 

nil 

Whale oil Fatty acids, 
commercial 

English Brown Oleine 
from fish Fatty acids . 
Whale oil, white filtered 
Whale oil, No. 3 . 

Blown East India rape oil 

p • u.., 

14 '01 percent. 

nil 

21 '8 per cent. 

14-7 

nil 

PERCENTAGE ( 

)F TETRABROMIDES FROM FATTY ACIDS. 

• 

Crude Scotch Cod oil . 

36*03 per cent. 

English Brown Oleine 


Newfoundland Cod 

18-63 „ 

from fl.sh F.itty acids . 

7 'll percent. 

Coasf Cod 

21-66 „ 

Blown East India raj)o oil 

nil 

Soya Bean oil 

9-5 




Many attempts have been made to determine the molting point of the 
insoluble bromides yielded by diflerent oils or their fatty acids, but as in most 
c^es the bromides ’tested have been mixtures of octo- and hexabromides, the 
results obtained arc of very little value. All that can be said with certainty 
up to the present is that bromides from fish and marine animal oils blacken and 
char instead of melting fin heating, a fact of great value when endeavouring 
to determine the presence of fish oils in a sample. It must not be forgotten 
that even when cLirring takes place we can only say that fish oils are present, 
but we are left in the dark as to the presence or absence of vegetable oils. 
This test has considerable value as a qualitative one as a sorting test in the 
ra{)id examination of oleines for textile purposes, showing from what class of 
material the oleine has been made. 

Separation of Solid and Liquid Acids. — The method given below, 
which is the one recommended by Lcwkowitsch, is probably the best for 
general purposes of the many proposed, and if carefully carried out will be 
found to give liquid acids with an iodine value as high as the fatty acids 
from any other method that has been put forward. 3 to 4 grammes of 
the sample,* glycerides or fatty acids, are weighed out and saponified with 
5(f c.c. of approximately N/1 alcoholic |K)tash in a 300 c.c. flask, add phenol- 
phthalein, acidify with acetic acid, titrate back with alcoholic potash until 
neutral, and c^luto the solution to 100 c.c. with water. 30 c.c. of 10 per cent, 
aqueous lead acetate solution are diluted with 150 c.c. of water and brought 
to. boiling ; this solution is run slowly into the soap solution, shaking con- 
stantly, so that the lead soap adheres to the sides of the flask when the solu- 
tion becomes cold. The flask containing the lead soap is filled to the brim 
With hot water and allowed to cool down to room temperature. When the 
supernatant liquor has become clear it is poured on to a filter. As a »ule the 
solution is so clear that no particles of lead soap will be found on tli« filter,, 
otherwise these particles must be washed back into the flask. The lead soap * 
flask is washed thoroughly with boiling water, cooling thqhot solution ' 
i boforo filtering lyad causing the ^ead soap to adhere to the sides the flask ; 
/ihWjast trades of water, may be removed from the lead soap with a <bll ofr 
^^mter paper. It is not advisable to dry* the lead salts,. as they rapiSly,^ 
Oxygen from the air. Next 160 o.o.' of ether are added to^ the lead^^ 






^bak^ rejwitaiWyjb^,^ c« 

Jtjie;i^^ aaljbs y flask is then beafced ott ^ter l?a^':Snd^"li(VfP^t <3d# 
E^denasr* with foeq[ueiifc shaking. Lead ^ salts of liqjfld fatly ^ 

^|^jly;inhot ether conjointly with some ^rtions of the lea(f eaSr:df -|j|K 
\^a?fcty acids ; wheiS the undissolved salts settle out at the bdttom^jf tha'iSJil 
:^a8"a flue ^wder the heating is stopped. The Other solution is allowed to 
^down to room temperature and filtered through a folded filter into a sepanthf 
biter aod flask washed with cold ether, using three or four ‘washes , 
';p,f '25 to 30 C.C. each. The ethereal solution is next shaken with a mixture. Of 
■^dTOohlorio acid and water to decompose the lead salts, the ether- dissolv&g\ 
'.Ihe free fatty acids as they form, the lead chloride settling to -ihe bottdtu > 

, of .the separator; after separation has taken place the acid layer is run off, ^ 
the ether washed with water until acid free, and the ether solution run into'* 
a weighed flask. The driving oft’ of the ether and the drying of the fatty 
acids on the water bath must both be done in an atmosphere of carbon 
dioxide. If the above be done quickly and carefully, the results are as nearly 
quantitative as we can get them, and the liquid acids obtained have an ioditjc ' 
value as high as can be obtained by any other method. 'i;; 


Fatty Acids from 

Percentage of 
Liquid Acids. 

Iodine Value of 
Liquid Fatty Acidrf , 

Whale oil 

69*17 iKjrcent. 

147*2- 

,, ,, ...... 

61*39 „ ' 

140*4 

Brown Whale cake ... 

43*80 ,, 

108*6 

70 per cent. Wool grease distillate . 

51*20 

61*2 


J)et€nninat{on of Stearic Acid, Jlehner^s Method . — Prepare a solution of ' 
stearic acid by dissolving about 3 grammes of pure stearic acid in* I ' 
litre of warm methylated alcohol of specific gravity 0*8163 in a stoppered ' 
.bdttfe. Immerse the bottle up to the neck in ice water, keep in an ice chest 
'WelLproteoted against radiation of heat, and allow to stand in the ice water 
oreringht. After twelve hours, syphon oft’ the mother liquor without removing ;> 
bottle from the ice water — by moans of a small thistle funnel immersea . . 

the alcoholic solution and covered over with a piece of fine calico. so as 

Ejo ' retain the separated stearic acid crystals in the bottle. The funnejik \ 
:^jnt twice at right angles, and is best fitted into a suction bottle, so that tfe , ' 
l^ear liquor can be drawn off by means of a filter pump. Half to 1 ? 

the, fatty acids under examination if solid, or 6 grammes if liquid^ 
jf^ghod ’accurately into a flask and dissolved in 100 c.c. of the above aloph^fejjJi 
acid solution. The flask U placed in ice water overnight, the khi|;i^V^ 
skgitated next morning while the flask is kept in the ice water, ' 

.aPow^ t» stand^^r at least half an hour in the ice water in prder tp^p 
pl^tallisation. / 

alcobol is then filtered off as described above, care being 
the solution as completely as possible. The residue in t|w^ 
three times in succession with 10 o.c, of the alcoholic vatSy 
0^ and cooled down to O^C. Thp omtals ’adhering to ihk o 
^^®^ washed off with not alcohol 
^Mted off,-and the ^;esidue dried and weighed. ; It;^lki^ 

%)rigipoinl of the -.residual stearic acid; it 







tlo.-'UndisaolvfiKi tetai'ii a ’sim^^ 

soliitton, a oorrection must bo»ma(i$^ 
p*^ is 0"606; gratorafl, j^hich< m be deducted ^frocu the total, 

#^^lhc;ol the -residue. ^ Gases are known where this method tails, hut it it. 

^hst >e have. • 

4%jftioIeCuiar Weight of Fatty Acids. — The molecular weight determina- 
ibiism it best carried out in connection with the estimation of the total saponi- 
fiahJe matter ; after weighing off the total saponifiable matter it is dissolved 
in, 'alcohol and titrated with N/4 caustic potash, using phenolphthalein as 
Indicator, then the weight taken divided by the number of cubic centimetres 
of N/1 alkali required gives the molecular weight of the fatty acids of 
.the si^mple. 

> " The molecular weights given in the following toble were determined 
b^ore the importance of the oxidised fatty acids was recognised; they still- 
^ppetw to have sufficient value to allow of their inclusion. It must alvi^ays 
be remembered, however, that they represent" only the figures obtained with, 
ist^ueous potash for the whole of the fatty acids from the products in question. 
In the case of most of the fatty oils there is only a small amount of oxidised 
acids present, and there is therefore not much difforcnco in the molecular 
weights. 


TABLE OF MOLECULAR WEIGHTS OP PATTY ACIDS. 


Fatty Acids from 

Moleoular 

Weight. 

Fatty Acids from 

Molecular 

Weight. 

Almond oil, refined 

283 

Whale oil, No. 00 . 

280 

* A raohis oil, refined 

286 to 288 

„ No. 1 . 

296 - 

1 Colza oil, Stettin, refined 

318 to 337 

,, No. 2 . 

282 to 288 

1 Cotton oil, filtered . . I 

273 to 294 

,, crude brown . 

285 to 288 

Cod oil, Coast 

302 

French Rc.sin “ H ” 

336 to 340 


„ . Medicinal , 

; II ^Newfoundland . 
Castor oil,' seconds 
tteniug oil, uale . 

Japan nail oil 
oil, AI . 

' „ prime . 

Xiinseod on, American 
" Baltic 
^^aize oil, refilled . 
^iNi^iafoot oil, unfiltered . 
‘.OJive'oll, Bari . 

, rt , Mitylene . 

' ,i bleached . 

,-^po oil, East Ihdia, refined 
!t " n blown 
.jSlddme oil, Japanese 
oil, straw 

'ig^lClephant oil . 

oil* refined .• " 
« oil, Frenc^ 

oil, pie , . * 

■‘,1 brawn . . 


298 Greek 

314 American Resin “ H ” . 

313 Soft Recovered greases, 5 to 20 

285 percent, unsap. , 

287 to 805 Medium Recovered greas<3S, 20 
283 to 286 to 28 per cent, nnsap. 

274 Hard Recovered gi eases, over 

286 28 per cent. uns.ip. 

289 Black oils .... 

294 Boiled skin greases 

276 Distillates from Soft greases 

279 ,, Medium ,, 

282 „ Hard 

266 ,, Black oils 

268 Oleines from Soft greases . 

296 to 318 . ,, Medium ,, 

300 to 320 Haid „ . 

285 ,, Black oils . 

282 to 302 Stearines from Soft greases 

286 ,, Medium ,, 

317 „ Hai-d 

33if ,, Black oils 

278 . Candle Stearines . 

270 to 276 BlftclvCotton grease 

272 to 278 Candle-makers’ 65% Oleihes . 


298 to 446 

273 to 330 

261 to 270 

262 to 289 
284 to 290 
290 to 331 
269 to 280 

67 to 280 
283 to 286 
281 to 313 
262 to 276 
27?sto 290 
27^ to 801 

274 to 327 
2G0 to 275 

278 to 288 I 
287 ^ • 

279 


f ■'8^ ' . AND; ; 

. ,, li an accurate determination of moleotilar weight is it is * 

' , ei^ntial that Both lactones and oxidised fatty acids be removed as f^r as 
possible froen tile cfude mixture of normal fatty acids/ oxidis^ fatty" aei(Je, , 
tand lactones obtained by decomposing the soap solution leftaftoii' extrS,cting 
' th^ unsaponifiabfij matter contained in the sample. Njo recovered products, 

, wooi greats and their products in particular, are fre6 from these oxidised 
fatty acids, lactones, or both. If they are not removed, the molecular weights 
are always too high. The oxidised acids and lactones are removed as 
. previously described. This is the only way to obtain the correct molecular 
weight for the normal fatty acids of the sample. The very high figures given 
by Liewkowitsch and others for the molecular weights of wool greases and 
their products are, for the reasons given above, incorrect, and it is to be hoped 
that no more figures of this description will be published without 'liaying how 
' they were obtained ; for example : — 

The crude fatty acids from a .sample of hard wool grease gave molecular - 
’ weight 384 ; after removing oxidised fatty acids and lactones the molecular 
weight of the normal fatty acids was found to bo 342. 

MOLECULAR WEIGHT OF NORMAL FATTY ACIDS. 


From 

1 From 


40 per cent. Recovered Oleine . 

309 1 Black cotton grease 

292 

Saponified Oleine from animal fat . 

280 Li(iuid resin , , , 

330 

Whale oil . 
Blown Whale oil ... . 

302 j Wool fat Fatty acids 

345 

284 1 Wliite American Oleine . 

287 

90 per cent, distillate fmm Recovered 

Brown ,, ,, 

281 

grease ...... 

279 1 Greek resin . 

840 

60 per cent. Recovered Oleine . 

295 1 Hard Stearine pitch 

489 

Whale oil Fatty acids 

288 ' Sod oil . 

258 0 

Soft wool pitch 

375 ' Sewage grease 

304 

Rape oil foots ... 

Soft Stearine pitch .... 

330 ' French 95 per ceTit, Oleinee 

281 to 287 

359 


' UNSAPONIFIABLE MATTER. 

The bodies met with during the course of commercial examination of 
Vmsaponifiable matter are so many and so varied in their nature that its is 
.quite diflficult to set out a scheme of examination that will cover all cases. 
The main classes are : — . , 

1. Mineral Oils. — Legitimate constituents of lubricants only, but may 

be found in samples of all classes of material. * , ' 

2. Resin Oils.— As legitimate constituents in certain classes of solid- 
^ lubricants and some classes of soluble oils, otherwise as an adulterant. 

3 pAtAPFiN ^^AXES. — As legitimate constituent of curriers’ greases and ' 
artificial'petrol jelly, otherwise an adulterant. The lowest comluercial melting ) 
•fspoint iff 102/105" F,, which is the melting point of American match wax. “ - 

Income cases mixtures of mineral oil and paraffin wax are used; totX 
, f^tauQB, in curriers’ greases, and when extracted together as the unsapopifi- 
- matter ©f the sample, we obtain mixturgs that eftnuot be distingulsbe^f 
(i«m a petiwl jelly. • 1 ; 

■ Alcohols. —T he unsaponjfiable matter from dbrtain waxes, sp^rpi 

Shari, liver oil, ti^l^lwool fats, and wool greases consists of mixtureiijof 
'whichfe from the member.^ of the MhoT 



‘ EXAMINATION. 3&.* 

quantitiatively ' by means of the solubility of the alcohols in acetic 
Ahhydride, • 

; 6. Ttia Remaining Class is the one which has caused, and^s sfill causing, 
more trouble than all the others together, but if official limits were fixed, 
if only provisionally, there would be sdine definite basis to work upon. 

This class is the decomposition products which physically, but not 
chemically, resemble mineral oils, and are formed of the distillation of oils 
and fats whose unsaponifiable matter originally existed in the form of alcohols. 
In very rare cases tar products are found, but their qualitative estimation as 
original constituents is practically impossible at the present time. 

General Examination. — The first test should always bo the qualitative 
test o^ Hager and Salowski. A small quantity of the isolated unsaponifiable 
matter is (fissolved in a few cubic centimetres of chloroform in a tost*tube 
and an equal volume of concentrated sulphuric acid poured gently down the 
test-tflbe side ; if cholesterol bo present, the chloroform turns blood red. The 
colour of the chloroform changes to purple on standing. 

Isocholesterol. — Place a small tpiantity of the unsaponifiable in a 
test-tube, add 20 drops of acetic anhydride and 2 drops of concentrated 
sulphuric acid ; isocholesterol gives a green colouration. This second test is 
often unnecessary, as the sulphuric acid layer in the cholesterol test is always 
tifmed green in the presence of cholesterol. 


SPECIFIC CRAV1T% OF UNSAPONIFIABLE MATTER AT 
. ou 


From 

Amoncaii. mineral oils 
Scotch ,, ,, 

EuBsian ,, ,, 

Resin oils . 

Anierican ParaflSn wax 

Scotch , , , , 

Petrol jelly 

Black oil, 00 per cent. sap. 

M 70 „ 

Wool grease, 80 percent, sap. 

n 60 

,, ^Oleine, 90%sap. 


Specific Gravity. 

, -850 to -955 

‘806 to *900 
•890 to ‘917 
•970 to 1-016 
•853 to -882 
•881 to -880 
•862 to -897 
■9045 
9109 
9033 

9449 to -9787 ' 
'8796 


Fiom Specific Gravity. 

Wool giease oleine, 70% sap. ’9023 to *9153 
„ „ 60 ,, *8944 

„ 60 ,, '9001 to ’9277 

Arctic Si>enn oil . . -8088 

Pale 110/112 M.P. Steal ine 

(wool giease) . . '8801 

„ 110/105 M.P. Stearin 0 

(wool grease) . . ’8790 

60% sap. w<*ol grease con- 
taining mineral oil . . ’9376 

90/95% Recovered wool gi ease 
distillate . . . -8880' 


REFRACTIVE INDEX OF UNSAPONIFIABLE MATTER AT 70“ F. 


* From From 

,60 per cent. Black oil , . 1 4996 70% Recovered grease distillate . 1*6033 

Genuine 70% wool gre,a8e oleine 1-4976 50% ,, ,, ,, . 1-6061 

i» 60% ,, ,, 1*4919 102 melting point Recovered grease 

’ 60% ,, ,, 1*4929 to Steal ine . . * .•. 1-6134 

. . ’ 1*4967 


SPECIFIC ROTATORY POWER OF UNSAPONIFIABLE* 
. • MATTER. 


From Genuine JO per cent, wool grease oleine . +21% 

M 60 . M6-8 

60 ,, . . •+ 9-6 




MELTING POINTS IN CAPILLARY OF SOLID ' 
UNSAPONIFIABLE MATTER. ' 


From Recovered grease under 20 nor cent, unsat), 

n 28 „ 

,, ,, over 28' ,, ,, 

Grease extracted from Sud cake 
Ootton Stearino, 97“ F. melting point 
Southern SjKsrm oil 


"F, 

103 

114 to 116 
92 to llS 
120 to 124 
85 
76 


COLD TEST OF LIQUID UNSAPONIFIABLE. 


Prom Genuine 70 per cent, wool grease oleine 

"F. 

. 49 

.. 60 „ 

. 46 

n 60 „ M „ V 

... 60 


IODINE VALUE OF UNSAPONIFIABLE MATTER. 


From Genuine 70 i)cr cent, wool grease Oleine . .47*3 to 68*3 

60 „ „ „ . . 62*4 
I. 60 rT- „ „ . . 48*2 to 67-0 

M 70 ,, ,, Distillate 63*9 to 71*5 

»» 60 „ ,, „ . 677 

60 {»er cent. Black oil 33*4 , 

Recovered grease over 28 per cent, unsap. .47*4 

„ Stoaiine, melting point 100/102“ F. 47*2 to 49*8 

Neutral wool fat 32 1 » 

60 per cent. Oleine containing Mineral oil . 29 '3 


ACETYL VALUES OF UNSAPONIFIABLE MAltTER. 


From Wool greases over 28 per cent, unsaponifiable . 131 to 166 

60 per cent. Black oil 32 . 


of Acetates from Unsaponifiable Matter.—Theunsaponj 
boiled for a few minutes with a few cubic centimetres of 
j®d^/the^exce8S of acetic anhydride is driven off on the boiling 
^i^^h^ac^tes heated in the water oven until free from acetic ahhydrfj 
o^ given as a rapid works method, and if?it be cltolV lafhd*^ 
ly applies to nnsaponinable matter ivhich is not Vplatife ht' 

^ fotind quite useful in the works. ^ ^ - i 








'■ -Mba bjNSAPO^JIFIABlVMit'SEi 


|*rom .Wool greases over 80 per eent, sap. 

It m' 70 „ „ 

, , oxtraoted from Snd cake 

Arctic sperm oil . 

'.Southern ,, 

r 80 per cent. Recovered oleine 

Whale fatty acids .... 

,, ,, saponified oleine 

Seconds from grease distillation 


6*^ to 10 '7 
0-8 

11-6 to 36*8 
83*0 
1-1 

2-8 to 18-8 
21-42 
1-36 


MELTING POINT OF ACETATES FROM UNSAPONIFIABLE 
MATTEL. 


Soft greases under 20 per cent, unsap. . 
Hard ,, over 28 „ 

,, ,, extracted from Sud cake . 


101* F. 

88 to 110“ F. 
90“ F. 


Attempts made to obtain definite acetates by crystallisation of the Crude 
-Acetates from absolute alcohol gave the following results ; — 

Acetates from hard grease saponifiables. 


Melting point of crude acetates. 


Melting point of acetates after twice 
cryst, from alcohol. 


Acetates from the unsaponifiables of brown dist. 96% oleine once cryst. 

from absolute alcohol M.P. 134*F. 

• ,, of 70 per cent, oleine thi-eo times cryst. ,, 138 - 

•, I. „ of 40 . . . . „ 130 „ 

y, ,f another brand of American 95% oleine three times cryst. . ,, 131 . 

/,!' ■ M ,, .. four *1 • .1 183 „ ; 

II • , five ,, . ,, 134 ,, 1 


j,'V general works practice it will be found very convenient to separate tfre 
^^ajppnifiable matter into acetic anhydride soluble and acetic^ anhydri^ 
portions. This separation, like many others in fat analysis, is nev^4 
since it defends on solubility only, and is therefore much ilafluenoAd 
®^^thpierature, relative proportions of solvent and solute, and also a^ain ve|^ 
by the presence of different amounts of soluble and insoluble in tbe 
The amount bf acetic anhydride taken should not exceed tin 
Ip^^^olume of»tlie unaaponifidble matter, and it will generally found 

tjo boil up in the flask in which tlm unsaponifiable i^as weigb^dli af^f; 
minutes the flask eontaining the mixture ia allowed to ; 
tliA flAsk must be watched^ and as soon as no more^]:^ne|^A|.^i 





iot sepArataa off. the top tlje wWe must be .poured^oi'’ti a 
;iVheii \^e have ; — - ' , . . ^ 

(hr THB l^iLT JR. ^Mineral oils and waxes, mixture® of these, ot ‘ resin oifs/''^ 
Wash well with hot water until the washings are acid free ; the oils ot waj^es 
are now ready for<urther examination. , ' * ' 

In the Filtrate, which contains all the alcohols prepent in the sample in 
the form of acetates. The acetic anhydride in excess is next evaporated off 
pn the steam bath, leaving the acetates behind for examination. If desired 
these acetates may be weighed, boiled up with alcoholic potash, their saponifi- 
able value determined, and the free alcohols can then be shaken out with 
petrol-ether for further examination in their original condition. 

The Phytosterol Acetate Test is used for the detection of vegetable 
oils pr fats in animal oils or fats. The unsaponifiablo matter, ttie weight 
of which should be about 0*5 gramme, is boiled with 2 or 3 c.c. of acetic 
anhydride for a few minutes, heated on the water bath until the excess of 
acetic anhydride is driven off, and the acetates then dissolved in absolute 
alcohol and crystallised out at least five times, and the melting point of the 
acetates taken in a capillary tube. ^ 



Mm.riKG PoiNii. 

Cholesterol Acetate 

114 to 115’ C. 

Phytosterol Acetate 

125 to 137’ C. . 




The digitonin process of A. Windhaus may be used for the separation of 
cholesterol in mixtures of unsaponifiable matter. 

Half a gramme of the unsaponifiable matter is dissolved in warm alcohol 
and a slight excess of a 1 per cent, solution of digitonin added. After stand- 
ing a few hours the precipitate is collected on a weighed filter, washed fir^ 
with alcohol and then with ether, dried at 212“ F., and weighed. The weight 
of the precipitate multiplied by 0 25 gives the amount of cholesterol present. 
The theoretical factor is 0*243, but as the precipitate is slightly soluble in 
alcohol, the factor 0*25 allows for this solubility. 

This process only estimates free cholesterol and not its ethdrs, so that if 
one precipitates an alcohol soltition of the sample itself one gets the free 
cholesterol, and then a second estimation on the mixed imsaponifiahle from 
the sample ; the difference between the first and second estimation gives tffe 
amount, of cholesterol present as ethers. 




SECTION IV. 

FATTY OILS. 

We have •now accumulated sufficient figures for most of the commercial ’ 
)ila and fats to enable all questions of purity to be settled without any 
:rouWe, and what is wanted at the present time is the gathering together of 
iigures for the commercial brands of the various oils and fats. Had not this 
.ack of figures for commercial classes been so acutely felt, the figures which 
follow would not have been given. 

There are at present on tlic market samples offered as oils which are really 
aothing but foots, and we have now arrived at such a point that it is not safe to 
[mss any sample of solid or semi-solid fat without at least melting it up to see 
if it gives a clear fluid when melted and is water free ; even then it is impossible 
bo guarantee freedom frq^n non-fatty matter. The extracted oils of the present' 
lay are so carefully freed from solvent, that no distinction can be drawn 
between pressed and extracted oils. 

Colour Tests, — These tests are steadily decreasing in value. The nitric 
wjid test for cotton oil was formerly of value, as the brown colouration was 
gjven even by heated cotton oil. But since soya oil has come into general 
use this test will have to be abandoned, for even the palest refined soya oils 
give a light brown colouration with nitric acid, and extracted soya oil gives as 
strong a colouration as cotton oil itself. The sulphur test for cotton oil still 
stands good, and experiments show that the amount of siilphur that is dis- 
solved in thq^carbon disulphide can be varied within fairly wide limits without 
affecting the resulting colouration to any great extent. 

Sulphur Olive Oils. — These may contain up to 4 to 5 per cent, of free 
carbon disulphide that can be driven oft in the water oven. Carbon disulphide 
in smaller amount is detected by Macagno’s method of distilling with steam 
and testing the first portions of the distillate with a copper solution. All 
extracted oli^e oils, even after refining and deodorising, by heating and blow- 
ing low-pressure steam through the warm oil, still contain sufficient free 
sulphur to allow of their easy detection. 

‘ Fr^e Sulphur and Sulphides are detected by placing a globule of 
mercvwy or a fragment of copper in the oil ; the formation ef metallic sulphide 
is .accelerated at 212“ F. 

^Mercaptans are invariably present in commercial extracted oilsj^nd can 
fee detected by means of mercuric chloride added to the aqueous distillate. 

Acidity. — The amoynt of acidity in oils and fats has but little scientific 
interest, but in comnlbrcial wojk it is the greatest factor in valuing a given 
l^ple, and also determines in many cases whether a given samiple will»6r 
be suitable foi* a given purpose. * , * » * 

^ .Th cbmnieroial work the acidity of an oil or fat is usually reported as oleic 
kdd; not as acid \alue. 
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i)o,(!iase jccmt^iin more tli|h'5;‘^r 
for oiling wool a high acidity is'oo defeimfint^^^Wt & 

■^v^htoge iu-ihe^ooiiHpg which follows. The ^«m1(fity of fatty' 

^^ijl^tioed by heatihg, but the reductioii of acidity after heating falls witfc 
, ih the acidity of the original sample. . ')}' - 

The following table shows the acidity before and after heatmgl^ 
heating was the taking of the flash point. ' 


Oil, 

Acidity before 
Flash. 

AolUlTY after 
Flash. 

Oolza, Stettifi .... 

Per cent. 

2-48 

Per cent. 

1*76 


2-46 

1*77 

,, .... 

3-97 

2*84 

,, .... 

2-71 

2*34 

Cotton, refined .... 

2'34 

11*78 , 

0-71 

0*66 

H II • • • 

1-08 

0*96 

1, * - . . 

0-42 

0*66 

(1’82 jier cent, refined , 

0-82 

0*82 

Linseed, boiled*’. 

0-82 

0*82 

6-98 », 

4*48 

Lard oil, American . 

1;69 

0*55 

II *1 * * ’ 

Noatsfoot oil . 

1-09 

0*62 

I Ml 

0*67 

Olive oil . . . . . 

38*07 

85*25 

Rape oil . . , . ' . 

2*71 

1*60 

Blown .... 
Sperm oil,. Arctic 

6*40 

6*69 

2*70 1 

0*80 

Tallow oil 

15*66 

14*81 


? Acidity, — In all eases this is expressed as oleic acid. As an example oi 
thjT commercial use of the acidity determination the case of whale oil "mayj&c 
•tajcom Since the hardening of oils has attained a commercial scale the ptiQC 
of whale oil has risen considerably, and in consequence many wlfale oils an 
aQi^ offered under misleading grades. Whale oils are graded according to 
dolour and acidity, the colour varying from water white to very dark hrow^ 
jjid the* acidity from 0'5 to 67 per cent. * 

‘ ;:-,/tybdn testing a large number of graded samples it was found that " 


In No. 1 whale only one sample was over 2*5 per cent, acidity^ 

^ h 2 „ two samples „ 10 „ „ 

^ 3 ' • „ ' 20 


ioi;h^t ^he following may be taken as sound limits : 







-JEECfeNTAGBa . '*' 


iffl; wle " 

>'broi!m 

T^Attionia oil, jefined 
Ailliond oil; ' , . 

Bpne fttt, boiled 
V;'„': extracted 
‘ manw 
iCfljpeline r 
Oe^tbr, fima . 

' „ aeconda 

Cocoa butter . 

Cocoanut, nressod 
,, Ceylon 

' ,, Cochin 

^d^il, brown . 

,, Japan pale 

n I» nrown 

,, ’ Malabar brown 

,, Newfoundland 

racked 

,, ,, brown 

y, Scotch crude 

*Qolza, Belgian . 

■ ‘ English . 

,, German . 

,, Stettin . . .• 

Cotton oil, crude 

refined llonibay 
' » .. l^gyptiiii 

,, edible 

^Pocfish liver, refined 
Visn stearino, pale . 

yellow 
brown . 
dark . 
Herring oil, British pale 
■ ,, brown 

II *11 dark 

'Hempseed oil, crude . 

-Horae fat . 

House grease 
^apan n^sh, pale 

,, brown . 
ir oil, British brown 
pressed • . 
oil, A1 - . 
prime white 
prime 



ektra winter strained 2 *38 to 6*G0 


oil, American 
Baltic . 
Calcutta 
fv ro., J 4 > r Canadian 



. 'ft® 4B-6S, 
12 *02 to 80 -32 
0*22 to 2-80 
8*1 

19 tcrSS 
19 to 44 
18 to 80 
1*26 • 

0- 49 to 1*64 
2-12 to 7-40 

1- 13 
0*14 
112 

1-28 to 19*11 

8- 54tol5‘61 
2*66 

1*54 to 5-32 
6*36 to 12-69 

9- 62 

11-68 to 12*6 
9 *38 

1*97 to 3*22 
1*82 to 3*58 
2*49 to 3*5 
1*41 to 4*48 
14*14 

0*14 to 1*27 
0 -09 to 0*26 
nil to 0*42 

9’1 0 

0*7 to 1*96 
3*36 to 19*74 
16*96 to 56*70 
60*62 
4*94 
6*14 

11*39 to 33*49 
0*4 to 1*06 
7*98 to 23*41 
7*98 to 23*41 
5*99 

2*62 to 18*68 
6*15 

0*28 to 0*71 
1*49 to 1*69 
3*72 

1*69 to 6*72 


1*41 
0*61 to 2*43 
0*57 to 0*61 
0-8 to 2*12 
1*41 

2*64 to 6*98 

0*40 

4*28« 

3*64 to 6*88 

V 08 


Hestsfoot oil, pale filtered 1 *96 to 7%0 
Amejican 071' to 13*^4' 


i^uu5|lteVed 12*47 to 7*19' 


Olive oil, Algerian 
,, Bari salad 

,, Candia 

,, Gallipoli 

, , Gioja 

,, Levant 

,, Malaga 

„ Mitylene 

,, Phai-ma 

, , Smyrna 

,, Seville 

, , Sul])hur 

Paliu oil . 

,, Lagos. 

,, bleached 

IMlchard oil, brown 
Rape oil, Black Sea, crude 
,, „ refined 

,, East India, refined 

,, Gorman 

,, Jamba 

Rico t)il, British 
Salmon oil, Califoinian 
Sardine oil, brown . 

Sea Elephant oil, No. 1 
,, „ No. 2 

Seal oil, water white 
,, straw . 

,, brown . 

,, ,, tiltcred 

Sesamooil, French . 

Sliaik liver oil, refined 
Sod oil . 

Soya oil, ciudo . 

,, refined 

Sperm oil, Arctic No. 1 
II II No. 2 
,, Soutlicrn . 
Sunllower seed oil, refined 
Tallow 

, , pressed Oloo Steal iiie 
Tallow oil, fine pale . 

,, pale sweet 

,, fine brown 

Tea seed oil, refined . 

Tung oil . 

Walnut oil, refined . 
Walrus oil, refined . ^ 
Whale oil, superfine . 

,, No. 1 filtered 

, , No. 1 unfiltered 

„ No. 2 filtered 

,, No. 2 unfiltered 

,, No. 3 filtered 

,, No. 8 unfiltered 

No. 4 

brown filtered 


2*62 to 13*72 
1*36 » 

3*78 to 82*48 
12 to 33*14 
7*47 ‘ 

14*0 ' 

1*82 to 20*69 
6*96 

2*39 to 4*62 
6*72 to 11*63 
£^*78 to 7*76^ 
53*48 to 56*06“ 
24*68 to 66*06 
14-1 

14-1 to 27*49 
7*7 

18*63 to 20*46 
1-82 to 4*84 
1*26 to 4*24 
1*76 
1-68 

75*79 to 77*66 
.6*88 to 10-08 
4*79 to 8*81 
0*66 to 8*68 
1*41 to 2*82 
0*21 to 0*84 
0*28 to 9*17 
13*04 

8*16 to 6*88 
1*85 

0*71 to 0*81 
7 -76 to 21 *86 
33*84 to 86*96 
0*36 to 6*18 
0-66 

0-42 to 4*84 
0*7 to 2*86- 
0*81 . 

1*65 to 4371 
0*28 tol?80 
8*11 to 10*60 
7*73 
14*21 

2*12 to 8*68 : 
•60 


xyei ^ 


1*88 
1*41 
0*14 
0*41 
0*71 

22 * 31 , • . >1 

0*68 tQ 11*^9 

10*68'* i 

• 0*40td38.*2(tg 
^78fp.6i*(»3 
11*68 


brown uhfilt^rdd 7 40 
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Acids. 
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Iodine 

Value. 

1 1 *■ 
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COCOOOOOCOGO • CO't—QO ^^lO 

Acidity 
Expressed 
AS Oleic 
Acid. 

(Cl 05 CD CO Cl (» CD Cl CO Cl CO GO r-H O 
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<0105 05 05<J5 05 <05 <05 05 05(05 . . 05 05, ^ 

f 

‘ tO ’ 

t , 

Olive, 

Malaga. 

Olive, 

Mitylene. 

Olive, 

Pharma 

Olive, 

Seville. 

Olive, Fine 
Spanish. 

Y 

Olive, 

Smyrna. 

*01ive. 

Sulphur. 

Palm kernel. 

Refined 
Palm Kernel, 

Palm, Lagos. 

Pilchard, 
Brown, British. 
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SECTION V. 

MISCIBLE CASTOR OIL. 


This is prepared by heating castor oil at 550 to 570“ F. until it lf)ses about 
5 per cent, of its weight, when it will bo found to mix with mineral oils in all 
proportions, and becomes practically insoluble in alcohol. • 

GENERAL FIGURES. 


Specific gravity . 
Acidity as oleic 
Unsapoiiifiable . 
Viscosity . 


Refractive index at 70“ F. 
Iodine value 


•9560 to -9720 
0‘4 to 3 per cent. 
0'53 per cent. 

387 to 486 at 140“ V. 
160 to 189 at 180“ F. 
108 jft 212“ F. 

1-4784 to 1-4813 
79-4 


. The following are the figures of the original castor oil, along with the 
'figures from the same oil after heating, until the loss in weight was 
6 per cent. : — 



Oiiginal Oil. 

Miscible Oil. 

• 

Specific gravity 

-9614 

•9720 

Acidity as oleic 

0*56./l)er cent. 

0-42 pel- cent. • 

Unsaponifiable 

0-57 ,, 

0-53 ,, 

Iodine value . 

83-5 j 

79-4 

Refractive index at 70“ F. 

1-4803 ' 

1-4784 

Viscosity at 140“ F. . 

329 I 

486 • 

,, ,, 180 „ 

126 

189 

„ „ 212 ,, . . I 

Acetyl value , . . j 

83 

108 

149-6 

93-8 


BLOWN OILS. 

Th^e are prepared by blowing air through the warm oil until the desired 
speqific gravity is reached. The oils most often blown are rape, cottopi 
ravison,*and more recently whale oil has been blown.* yhe rape oil has often 
bei^n substituted by ravison, but there is also another subs^ution which cAn 
hjiydet^cted by a careful comparison of figures calculated to a definite 
spei^c gravity. - • ' 

, • Blown' oils should always have the unsaponifiables estimated, as j?il8 
* . ' ^ ? .«0 • 





gblnettimes blown* to a* iiigh specific gravity and then let down again with 
mineral oil.. ^ 

A sample offered as blown rape oil showed the following , 

Specific gravity . '9600 I Iodine value . 66'7 I Viscosity ; j . 879 at 140* F. 

Acidity . . 4'94% j Saponifiable value 161 | Unsaponifiable . 18'97% 

If unsaponifiable, saponifiable valuo, or both, had been omitted it would 
have passed as pure bat not blown very far. 

On looking over the figures given for blown cotton and rape oils it will 
be seen that the figures agree very closely with the exception of the cold test 
of the fatty acids. The percentage of oxidised fatty acids is about the same 
in both cases, and varies from 23 to 20 per cent. 

The fallowing process has been worked out by Marcusson, depending on 
the difference in tho ether solubility of the lead salts of the normal fatty 
acids^olublc in petrol-ether — that is, on the ether solubility of the remaining 
fatty acids after the oxidised fatty acids have been removed. 

In the case of the oils themselves, weigh out about 2 grammes, and of 
mixtures weigh out about 8 grammes. Saponify as usual, shake out and 
determine the unsaponifiable, decompose the soap solution with acid and 
shako out with ether, wash tiic etlier until acid free, run the ether into a 
weighed flask, distil the ether ott', dry, and weigh. Dissolve tlie fatty acids" 
in 50 c.o. of petrol-ether, let stand, and filter ott’ the oxidised acids. Distil 
off the petrol, and froi^ tluj petrol soluble fatty ac.ids prepare the lead soaps 
as usual, and treat these lead soaps with (‘ther. 'J’lie lead soaps prepared in 
this way from blown rape oil leave only traces of insoluble matter when 
treated with ether. Tho lead soaps prepared in the same way from blown 
cotton oil are only partly soluble in ether, and if the portion of the load soaps 
ipsolublQ in ether are decomposed with acid and the fatty acids shaken out 
with ether, these fatty acids havo'a melting point of 129 to 138“ F. 



Eas'i Inuia Kai'K. 

lUvl^ON. 

Cotton. 

Specific gravity 

•9600 to -9741 

•9650 to -9708 

■ *9672 

Acidity . 

4 08 to 8-1 27o 

6-18 to 7-14% 

7-19% 

Iodine value .... 

52-2 to 70-1 

66 

65*9 

Viscosity at 140" F. . 

800 to 1439 

748 to 1100 


,, ,, 180 . 

300 to 590 

313 to 456 


,, 212 . 

168 to 276 

250 to 296 


SaponificatioTi value . 

188 to 213 

214 

216 

Refractive index 

1-4803 to 1-4866 

1-4803 to 1-4813 

1*4803 

Unaajwnifiablo 

0-76 to 1-66% 

0-79% 

1‘09% 

Molecular weight of fatty acids . 

300 to 320 


304 

Cold test of fatty acids 

49" F. 


96* F. 

jt 


Blown Whale Oil. 


Specific gravity 

^ * *9663 

Viscosity at 212" F. 

. 134 

.Acidity . .y. 

. 4*23 to 6*70% 

Saponifiable value 

. 214 

Iodine value . 

. 64*8 to 62-8 

Refractive index . 

. r«»y74 to i*48»Ji 

Viscosity at 1 40“ F. . 

•. 289 to 376 

Unsaponifiable 

. 1-20% 

■ n II 180 ,, . 

— I — 


J 

'1 





62 


OILS AND FATS. 


A further examination of the saponihable matter from a sample of blown 


whale<.oil gave the following figures : — 
( 

Fatty acids insoluble in ether 
I ) f M petrol 

,, soluble in ,, 


6 '26 per cent. 
13-86 „ 


Molecular Weight. 

322 

284 


BOILED LINSEED OIL. 

This is one of the most varial^le oils on tlio market, and certainly one of 
the most often adulterated, the chief adulterants being mineral oils and resin 
oils, or the boiled oil is mixed with one of the boiled oil substitutes de- 
scribed below. 


Boiled Linsekd Oil. k' 


Specific gravity 

. -9370 to -9541 

Open (laah 

442“ F. c 

Acidity . 

. 2-54 to 5-98% 

Molecular weight of tatty 


Iodine value 

. 146 to 165 

acids .... 

269 to 273 

Unsaponifiable . 
Saponifiable value 

. 0-36 to 2-60% 

. 184 to 188 

Reft active index . 

1-4833 tol 4860 


The percentage of oxidised acids in boiled linseed oil varies with the 
extent to which the oil has been boiled. Much work will have to bo done 
in this direction before commercial limits can be fixed. 

A linseed oil is useless for boiling if it s(‘parates‘ mucilage on heating to 
400* F., and is also useless for linoleum manufacture. 

Laboratory Boiling Trial . — Heat the oil to 400° F. and blow air through 
for one hour, keeping the oil at 400° F. after the addition of 0-5 per cent, 
resin and 0*5 per cent, litharge. 

Boiled Linseed Substitutes* — In all eases the saponifiable should be 
estimated as well as the unsaponifiable. In no case must the determination 
of the percentage of volatile matter at 212* F. be omitted. 

The saponifiable is usually a mixture of boiled linseed and rosin. 
A fairly close approximation to the percentage of resin may be obtained 
by calculating the acidity of the sample to rosin, counting on 85 per cent, 
of free fatty acids as present in most samples of pale resin. The unsaponi; 
fiable will be mineral oil, or, rarely, resin oil. , 

The volatile matter at 212° F. is usually benzolene, and being volatile 
at 212° F., may be calculated from the loss on heating to that temperature. 
The exact nature of the unsaponifiable matter is easily determined from its 
specific gravity and refractive index. * 


Boiled Oil Substitutes 

Specific gravity . *907 to -960 

Acidity^ . S . 2 to 36% as oleic 

Unsaponifiable . , 10 to 35% 

^ Volatile at 212“ F. . 15 to 36% 

ft . . - 

Iodine value . . , 57 to 110 

Saponifiable value . . 80 to 100 

Refractive index 1 '4800 to 1 '600 

Open ilash . . . 80 to 120“ F. 

PjCgru, Sod Oil, Average Figures 

' ' j^ecific grtfvity , . '9900 to '9930 

> Acklity ^ . . 7-76 to 16-16% 

^ Unsaponifiable . 2'16 to 3:62% 

Water . i . . 18'8l to 4^-66% 

k 

Goldto^U . *. 48 to 62“ F. 

Molecular weight of fatty 
acids . . • . . 276 to 296 



MISCIBLE CASTOE OIL, 


6.S 


^od oils are feomStioies partly dried and then Bold as water free ; their 
colour is almost black. Such a sainplo gave : — 


Specific gravity . 

. *9735 

Water . 

. 5*06% 

Acidity 

. 21*68% 

Noil -fats 

. 4*49% 

Unsapouifiablo . 

. 1*93% 




The fatty acids from tlii.s sam[)le wc'ie separated. Of these, part were 
so highly oxidised as to bo insoluble in ether, but soluble in absolute alcohol, 
solid, and deserving the .ippcllation “resinous.” 

The sample contained — 

7 '95 per cent, resinous acids insoluble in ether. 

ll' llj per cent, acids insoluble in [)elrol ether of mol. \vt. 469. 

}?:^'00per cent, normal fatty acids soluble in petrol ether of mol. wt. 258. 

Lactones are a]\v,iys fornud on heating oxidised fatty acids, and the 
splitting off of water to form these causes low re.sults. d’he total of the above 
analysis shows that oxidation of the fatty acids is taking place at a greater 
rate than lactone forni.ition. 

A mixture of wool grease and fish oil is often sold as degras in this country 
and America. 

Commercial Neutral Degras is neutral \noo1 fat. 

American Hog Greases. — These are really a Ncry low qu.dity of lard, 
and arc often dirty, and may contain a considerable amount of water. The 
at’dity of the hog greases rises to 25 per cent. ; water content, 4’78 per cent., 
dirt, 4‘22 j)cr cent. ; fat, 91 00 percent. 

American House or Garbage Grease gives the following figures . — 
Specific gravity, '9217 to ‘9250; acidity, 22’() to 18 per cent. ; unsaponifiable, 
1'80 to .‘bt9 per cent. ; water, usually below O’b per cent., and generally clean. 
Large quantities of oleine are made from these gre.iscs in the TJnitcd States, 
and in e()nsc(pience these greases arc not olten marketed in any quantity in 
this country.^ 

Bone and Marrow Fats. —The (jualitics usually marketed arc — 

1 M A Know k’AT. 

Boiiacn ou Si’kamed Hone Fat. 

Extuactei) Hone Fat. 


It does ual follow that the marrow fat is the best for the glycerine maker, 
although it is the dearest. 



M A Know Fai. 

Specific giavity . 

Acidity 

Unsaponifiable . 

Water . . « 

Ash . . . ^ . 

Cold test . . . 

Iodine value . . * . 

Titre of Fatty acids . 

•9165 to -9186 
17*9 to 36% 

0-3 to 0*6%, 
about 1% 

. ,, 0-6% 

70 to 80' K. 

63 to 56 

38 to ir G. 


Ijoiiao) Hone B'ai. 


•9178 to -9260 
9-8 to 35-25% 
0-24 to l-97„ 
0-27 to 2-5% 

()-2 to 0*85% 

61 to 80° h\ ' 

53 to 56 
35 to 41° C. j 


Extra cTEt) 
JiWNE Fat. 


43*0% 

0*63% 

•> 80° F. 
54 to'-ks 
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OILS AND FATSi 

Hardened Oils.~TJp to the present those are very variable, and the 
same process does not always give the same results, even when working on/ 
the same raw m^^terial. 


Iodine Value of Hardened Oils. 


^vom Linseed oil 

2T7 to 781 

From Castoi oil 

. 151 to 25 

„ Whale oil 

23*7 to 63-5 

, , Cotton oil 

. 11 to 58 


The test worked out in (lermany for the detection of hardened oils from 
fish oils will have to be abandoned, because the violet colouration with iodine 
tincture, supposed to be given by a solution of the sample in a mixture of 
equal volumes of benzol and xylol containing 1 per cent, of concentrated 
sulphuric acid, is also given by the following fatty acids : — 

Castor, Linseed, Rape, Cotton, Maize, Soya Bean. 

The only likely method appears to be the separation of the liquid fatty 
acids, bromination of those liquid acids, and separation of the bromides. The 
bromides from marine animal and fish oils cliar on lioating, whilst the bromides 
from vegetable oils and fats give a definite melting poiiit without any 
charring. 

When hardened, castor oil has still a high acetyl value, 154, and is in- 
soluble in cold alcohol, but dissolve.s on heating. « 

Detection of Nickel. — In order to make quite sure, it is necessary to 
test the sample itself and the ash of the sample also. 

Boil out the sample with hydrochloric acid, and add to the acid solution 
0*5 gramme dimethyl glyoxine and 5 c.c. of 95 per cent, alcohol ; if nickel is 
present the solution turns yellow, the colouration remains stable. The asjh 
with the dimethyl glyoxine develops a red colour if nickel is present. 

Different batches of the same oil treated by the same process may vary in 
melting point from 69 to 107" F. 

The fat carried over with the hydrogen during hardening is of very 
variable composition, which is only wliat might be expected eensidering the 
difference in raw materials and also in the processes used. 

Acidity .... 34 '90 to 90*40% j Oxidised Fatty acids . . 1*39% 

Unsaponifialjlc . - 0 62 to 14*35% Molecular weigliL of Noimal Fatty 

Iodine value of uiibapoui- [ acids 257 

fiable . . . 70*8 Iodine value of Fatty acids . . 13 

Cold test ... 60’ F. ' c 



SECTION VI. 

CHEMICAL EXAMINATION. 

SULPHONATED OILS. 

Qualitative Detection. — Place <1 few tuibie centimetres of the sjample in a 
test-tube, and boil up with three times its volume of conceiiLrated bydrochlonc 
acid until the fatty layer is (jiiite clear ; the acid layer is then taken away 
with a pipette, diluted with water, and on barium chloride being added a 
white precipitate, of bariurn sulphate shows the presence of sulphonated oils 
in the sample. 

Until recently, castor oil was almost the only oil that w’as sulphonated to 
any extent. To day, oils are sulphonated ha\ing an iodine value as high as 
150. The old methods of analysis which sulheed for castor [iroducts arc not 
suitable for sulphonated •prod nets made from oils having a high iodine value. 
When trying the test indicated .tbove, if the oil w<is from castor or other oil 
of low iodine value, the layer of fatty acids ov<’r the aci<l la}er will be clear 
aiul liee from suspended dark jiartieles ; but if from oils of high iodine value, 
the layer of fatty acids will be very dark in colour, and contain many chaired 
pflr tides 

In all that follows, those samples which do not char on boiling with 
hydrochloric acid are given under the heading Low lodiue valto- <ind the 
sam})les which char under llujk Iodine value oth. 

Estimation of Water, Low Iodine Value Oils.-- -Weigh il grammes 
oi the sample fnto a Petri dish with a small glass rod, and dry in the water 
gven until the diHerence between two weighings does not exceed 2 milli- 
grammes. • 

Estimation of Water, High Iodine Value Oils.— -These often char 
and decompose as the waiter evaporates oil ; the water in such sam[>los can 
only be estim^itcd by distillation with xylol. 

Total Fat, Low Iodine Value Oils. Weigh out 5 grammes into a 
dish and boil with hydrochloric acid, 1 acid and 1 water by^ volume, until the 
layer of fat is <pute clear, cool, pour into a separator, and e.xtract twice with 
ether, washing the ether with water until acid free, run the other into a 
weighed flask, distil off the ether, dry the fatty acids in thcTiven, anfl weigh 

Alternative —Weigh out into a dish and decompose as before, tben^ 

add 10 grammes of stearic acid (not .paraflin wax); when tlie whole of the 
fatty layer is quite clear the dish is allowed to cool, the acid l.iyer puufed off, 
and the eakc washed with water; thou the cake is melted up witli* water 
ag.ain, stirred w'c\jXnd*allowed to set, and the water poured olf. y’his washing 
is repeated three times more and the cake dried and weighed. • ^ ' 

Total Fat, High* Iodine Value Oils.— Weigh 5 grammes intp a 
flask, dissolve in 50 c.c. of pyridine, add hydrocliloric acid, and lot stand on 
* 05 * 


I 
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CHEMICAL EXAMINATION. 


tliG warm water bath for at loabt one hour with frequerft sliaking. Cool, and 
wash into a separator with water, add ether and shake, allow to separate, run 
oft' the acid lupior, and wash the ether with water until free from both acid 
and pyridine. The aeid li<pior is again shaken out with etlier and the ether 
washed. The ether extracts arc run into a \veighc<l lla.sk, the ether distilled 
off, and the fat dried in the oven, cooled, and weight'd. 

Total Acid. — This process is iipplieablc to all samples, 
lloil T) grammes of the sample with 20 c.c. of strong hydrochloric acid 
until the h\tty layer is tpiite clear (neglecting charred matter if present). 
Pour into a .separator, di.ssolve the fat in ether, run tlie acid layer into a 
beaker, wash the ether with water until acid free ; uniting the washings and 
tlie acid litpior, warm the beaker on the water bath until all the ether has 
evaporated off, heat to boiling, and precipitate with b.irium chloiride. The 
barium sulphate found is calculated to sulphuric acid. 

Free Sulphuric Acid.— Applie.ible to all sample.s. ^ 

Weigh out 10 gr.imnies of the samjile into a separator and shake out 
three times witli saturated brine, unite and titrate with i\7l0 alkali, and 
calculate to sulphuric acid. Make a blank test on an eipial quantity of the 
brine, and deduct any acidity found. 

Alkali. — It IS not uncommon to find both .soda and ammonia present in 
the same sample of snlphonatcd oil, the soda being added until the sample is 
nearly neutrali.sed and finished ofV with ammonia. 

Dissolve 10 grammes of the sanqilc in water and titrate with N/2 acid, 
using methyl orange as indicator. A further 10 grifinnics are distilled with 
soda into N/2 acid, and the amount found calculated to ammonia; then acid 
required for titration minus acid for distillation ecpials that due to soda. 
Either present alone are of course determined by titration only. 

Before examining the fatty acids from snlphonatcd products, care must be 
taken that the snlphonatcd compounds are completely decomposed ; if tiffs 
be neglected, the fatty acids will only give figures which arc far removed from 
the truth. 

bp to the pre.seiit wc are entirely without methods for determining the 
purity or olhi'rwise of the oil used. It has alri'ady been shown (st'C .icetyl 
value) that no {irocess for determining the acetyl value yet (Ascribed give.s 
results anywheie near the original oil. Consequently the .mctyl value it^ 
of no use in this direction. The iodine value is no better. For example : — 


Iodine Value of Oil used. 

Iodine Value of 50% Sulph. 

Oil fioiu .same. 

83 5 

34 

135 

46-4 ! 

116 

33-3 


The only use of th<’ acetyl xaluc in the examination of sulphonated oils 
Trom castor oil is to give an idea as to the amount of sulphuric acid used 
for surf)hon;ition. 

Er^^mple Castor oil, original acetyl value 149-7^ Lcwkowitsch, 

• Same after sulphonation with 25 per cent. (Vi>olphurie acid, 
acetyl value 9G'H, Lewkowitsch, 

Ijame after sulphonation with 50 per cent, of sulphuric acid, 
acetyl value 70, Lcwkowitsch. 



The fall in the acetyf value being due to the extent to which polymerisation 
of the oil has taken place, the higlier the percentage of acid used for 
sulplionation, the greater the lowering of the acetyl value. * 

It must be remembered that this lowering also depends on the length 
of time the acid is allowed to act on the oil, and on tlie washing of the 
oil also. 

NEUTRAL WOOL FAT, LANOLINE. 

Prepared from wool grease by neutralisation of the free fatty acids, 
followed by extraction of tiie neutral fat with solvents. With tlie exception 
of one or two well-knowm makes these neutral bits aie very variable in 
(juality. 

Neutrftl wool fat is often ipioti'il as a tat that does not turn ivimid, but 
a sample of adeps lumL had original acidity I'Oi) ])er cent. After keeping 
in a cjosed jar for 2^ years the acidity was 5-18 per cent., a gain of acidity 
.‘btSO per cent. 

If iron is present as .in imjnirity in .i neutr.d l;it the s.iuiplc is untit for 
certain pharmaceutical [lurposes, and may be lust detected as follow's; The 
neutr.al fat is ruUbed up with an .ujiieous solution of salicylic .icid, when, if 
iron be present, the paste is disiolonred, or in bad c.ises turned red; such .1 
sample is unfit foi ointment m.aking, an<l >et it may pass the reijiiircments of 
the Pharmaeopa'ia. 

Spt'ciHo gravity 
Acidity . 

Iodine value 
SLinoiiilicalKui v.iliii 
Uii - .'lomtiable 
Wai r . 

FOOTS FROM FATTY OILS. 

Foots of all kinds leipiire \ery careful s,ini]ibng if any approach to 
accuracy of results is needed. 

Foots m.iy be simple settlings from any oil or fat, from acid refining 
(rape, etc.), or*from .dk.iline retining (cotton, sesame, ar.ichis, etc.). 

• The first thing is to boil up 2 or d grammes ot the sample with water ; 
the reaction of tlu* water is taken with litmus p.ipi'r in older to tell from 
what source the sample h.is come, 'flu' Idaeb gre.ises obtained by dccom- 
^ posing cotton mucilage with acid is usually sold 011 the jicreeiitago of bodies 
it contains \^iicli are soluble in carbon disulphide, but, as carbon disulphide 
dissolves saponifiable, nnsaponiliable, and oxidised acids, this method is 
obviously unfair to everybody but the seller. 

The first estimation should ahv.ays be water, by drying in the oven as 
usual. In the case of IVitc d’Ar.ichide the ammonia will l^e driven^ off along 
with the water, and if required separately may bo dclermiiied by direct 
titration with N/2 acid, using metliyl orange as indicator. • 

Cotton foots, after the w.iter and dirt estimations, must be decoyiposed 
with acid and the fat filtered through a filter, the fat and iiiter being washed 
with hot water iiiidl. gcifl free, then dried and weighed, 'flio analysis from 
this point on nuv.lTbe made on the fat thus obtained. 

Non-FatS.-"WeigJi out about 5 grammes into a llask, add 50 f.c. ol 
ether moth., and filter into a weighed flask* the filter is w^^shed with efther 
until fat free, the ether distilled off, and the fat dried and weighed. ^ 


* 9400 to 9(i2.s 
ml to 3 15 „ 

19 7 to 22 7 
61 to 86 
:K'>'.3r) to 61 -a?", 
0 25 to 25';,, 


Ash ti act's to 0 19", 

Cold list 89 to lOF F 

,, (d tatty afids 100 to 11 0 K 
ul.ir ^\( iglil ot Fatty 
.icids .... 391 to 485 
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The clittereiico between this weight and the weight ^taken is equal to the 
non-hdjb. The above will be found more convenient than trying to weigh the 
actual non-fats, ‘Ivhich sometimes adlicre to the flask until it is impossible to 
get the whole on to the filter paper. 

Free Fatty^ Acids. — -I’itrate 2 grammes of the sample with N/4: 
alkali, using phenolphthalein as indicator. 

Unsaponifiable Matter. — Saponify 2 graimncs and extract with petrol 
as usual, saving all the washings. 

Available Saponifiable Matter.— The soap solution and washings 
from the unsaponifiable estimation are united, the alcohol evaporated oft’ on 
the water batli, the remaining solution decomposed with acid, poured into 
a separator, and shaken out with petrol-ether, washed with water, and 
fdtered into a weighed flask, distilled ofV, dried, and weighed, iiiis*' gives the 
total available sa])oniHabhi mattiu’ for soap making or for distillation. If the 
percentage of the oxidised acids is required, proceed as below. ' 

Total Saponifiable Matter. — The soap solution and washings arc 
decomposed with acid and shaken out with ('ther meth. twice, the ether 
washed with water until <icid free, run into a w'eighed flask, the ether 
distilled oft’, and the fatty acids dried and weighed. 

* Oxidised Acids.— The fatty acids from the total saponifiahle estimation 
are dissolved in HO c.e of petrol ether, warming if necessary under a relhix 
tube, allow’ed to cool, and wiien cold filtered througli a weighed tilber ; the 
filter is washed with petrol until fat free, then dried and weighed. The 
oxidised acids may be dissolved off’ the filter with absolute alcohol if their 
molecular weight is required. 

Stiepel has jiroposi'd to examine foots hy Twitcliell’s process and take the 
method as a standard ; foots have been put on the market, any dispute over 
which were to he settled hy Stiopel in Ihuiin. It would jirohably be much 
better to wait until we know more about these oxidised acids rather tha*ii 
attempt to standardise the estimation of practically unknown bodies. 


Pail d’Ai.aciiikk. 

Wiiter and ammonia rise u]) to 12 percent, but tliosc foKts arc usually 
decomposed before being marketed. Test after decomposing : — 

iSpedilii. ffi a\ ity tu 9n5 I bns.ijtoiiifuljlc . T' 15 to 1 90*;;, 

Ac-idity 2-3 97 to 45 *83'^ | Cold lost . . 23 to 55" F. 

CuTloN MrciLAi.i . 


W.itfii . . . . 5 to 5fi j)oi cont. 

Noii-f.its . . 3 to ft ,, 

So.ip . . . up to 40 ,, 


BlA( K (JolTON (JllLAsK. 

* (Tlie.se .110 the so called American coucentiated soap stock ) 


Specific gravity . 

AV at^' It 

^Ndiwats 

Afailable sapouikabh 


•9197 to 982.5 Un.sapoiiiliable \ . 1 -7 10 2770 

2 to 207 , Oxidised acid.s . . 2*5 to 507o 

l'37to217, I MoUciilai weigliit of Normal 
14to8*7*X, ' Fatty acids . . . 275 to 298 


I 



FOOTS FROM FATTY OILS. 


G9 


Rat'R Oil Foot‘<. 

, ^ 

Spocififi ^<i-avity . . nj) to -9800 ^ Water . up to 20 per cent 

Acidity . . . 2*8 to 02 ])(■!• cent. (’oM test . . up to [>[>' K, 

Uusaponitlable . . up to 22 ,, Noii-f.its . * up to f) per cent. 

The saponifiable matter from a sample of rape oil foots gave the following 
figures ; — 

G5-89 per cent, normal fatty acids of molecular weight . . 3.‘i0 

31‘0‘J per cent, oxidised acids of molecular weight . . . 37 G 

• Olive Oil Foots 


are not often found on the tinglish market, hut some of the finest candle 
stearino obtainable is made in Italy from olive foots. 


Speoilic giavity 
Acirlity 

Unsaiioiiitmble 

. -9218 to 9249 

. 13-71 to 19-35"f, 

. 3-45 to 9-36% 

Water .... 62 to 91 j)ci cent. 

Molecular w< igbl of Fatty 
acids . 271 


WiiALF Oil Koo'is. 

• 

Water 

N<in-fats 

. up to 35 per c<‘’it. 

. up to 15 ,, 

• 

1 Unsaponili.iblc 
Acidity . 

ihoiit 1 per cent. 

. 9 per c( nt. upwards. 


Soya 

Foo'J s. 


Afiu iy 

^ Unsaponifiablc 

. up to 20 pel cent. 

. 0-96 

Water 

Non- fats 

. u]) to 20 per cent. 

. 3 to 24 , , 


1’alm 

Foots. 


Spccitic giaviU' . 
Acidity . * 

Unsaponitiable . 

•9414 

lip to 6u ]*ei cent. 

W.atcr . 

Non fats 

2 to 10 jior cent 
. up to 38 , , 


NewfoUedlanu- Coo Foots, 


1 

Acidity f 

Unsaponifiablc 

. 36 j)cr cent. 

. 1-10 ,, 

Water . 

Non-fats 

12 ]ici cent. 

■ u ,, 


COl’KA Rksidues. , ^ 

The colour of the oil contained in these copra re.sidues varies from a full 
brown to almost white. 

Oil . . . 21 239 to 36’89 ]>f r cent. I Non-fats 23 ‘06 to G.'i '79 pci cent. 

Water . (5 04 to -64 ,, | Acidity 43-47 to 91 '81 . ,, 



si<:(n^i()x vn. 

FAT SPLITTING. 

TriK two iiictluxl'^ in oomnKMVi.il use <it Iho presont iinn' aro • 

1. Split tiiiir in o))cn vcssi'is at atinos])lioric‘ pivssnro. 

L’. ,, ,, autocl,iv(‘ willi hiuh-prcsMirc steam. 

1. Open saponification Witli Hhk* is not carriisl on on a l.irgo scale at 
the prest'nt turn', the process(>s in us(‘ being the castor scf'd, the Twitchell 
arM tl>e Pfeilring spalU'r, l>oth ot which make' use of naphthaline snlphonic 
acids or tlicir salts. 

The ditticulties involves! have not yi't been entirely overcome with any 
of those processes. 

The castor seed process gives dillicnlty in the feeparation of the fatty 
acids from tlie glyccwine. 

The Twitched! process gives s!o\\ splitting, and also fatty acids, which arc 
lialile to work “ foxy ’’ in soa}) making. 

Tile Pfedring sjialter givc's slow splitting, and difticnlty in o'otaining a 
marketable crude glycerine. 

2. Autoclave Splitting. — At the pr('.sent time the action of the high- 
pressure steam is always assisted; usually with magnesite, slaked lime, or 
with zinc oxide. 

Even in the autoclave, using at the same time steam jiressnre and a 
percentage of alkali, the .splitting obtaimsl varies not only witli’diflerent fats, 
but with dillerent hatches of the same fat. A minimum of 90 per cent, 
decomposition should always he aimed for, though there are -fatty acids 
placed on the market whicli are below 90 per cent. ft need hardly be 
stated that all autoclave samples should be decomposed before testing, ddiis 
is done by boiling up with 2.“> per cent, sulphuric acid until thp fat layer is 
quite clear and free from emulsion underneath; the acid is syphoned off, and 
the fatty acids washed four times with hot water, syphoning oil' the water 
each time, then 2 grammes of the fatty acids are titrated with N/4 alkali, 
and calculated to oleic acid. 

All aiTtoclave *fatty acids after decomposing should be tested to make 
iure that the sample is free from insoluble soaps (this test should also never 
be omitted when Ousting commercial fatty acids). This may be done very 
quickly by shaking up 1 to 2 grammes of sample with 10 c.c. of petrol-ether 
(•C4); tf insoluble soaps are present, a turbid or sttky^^ipearance is seem 
The amount flf insoluble soap sullicicnt to cause this silkin^^ although small, 
1^8 a ilecidcTl inHucnco on the pressing of such fatty ^acids; fatty acids con- 
taining insoluble soaps will not s#ed properly, and tlicrcfore will not press. 

Alkalies aiid bases generally may be determined by adding excess 
c ^ • 70 
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of Btandiird acid in ^prcsonce of mothyl oranp:^, boiling woll, (iltcrin^, and 
washiii^^ witli l)oilin^^ water until liltrato is free fioni acid, and titratin-f back. 

The actual ostiination of the insoluble soaps is best <lou^ by dissolvin^^ 5 
^rranimes in HO c.c. of '(It petrol-ether, lilteriuj; through a^weighed tiller, and 
washing filter with petrol until fat free ; distil oil the petrol, and dry and 
weigh the filter. Commercial tatty acids may contain as much as 9 to 10 
per cent, of insoluble soaps. The greatest offenders an* the explosive manu- 
facturers, who split fats for the glycoiine otily ; the fatty acids are to tlaan 
a bye-product. Water should always be examiiu'd for. 

M’he following figures wdl show how far many conmiorcicd [iroducts are 
from reaching the normal 00 per cent, decomposition ; — 


« 


FlU.li 1 
Fa 1 1 V 1 
Acios. 1 

Un- 

s\roM 

ri \n K 


1 


Fatty A( n*s i hum 

• 

SrF.riFic 

OllAVlIY 

Iddink 

V \Lin 

Nov- 
F.\is. 1 

(hU.l) 

TKs 1 

Ai'tcIus . 

f 01 n> 

1 01.^0 

40 lo- 
ll '? 74 

1 45 1 
2-33 ) 

j 


52 09 

Aiimial Oil 

9290 1 

58 87 1 

1 13 

1 03 f> 


1 

Bono Fat 

( 9193 ' 

t -9198 

80 30- 
S8 13 ; 

6 99- 1 
8 37 1 

1 ... 


93-98 I 

Fiists Castor 

9491 

81 1 i 

0 57 

i 89 1 

1 

28 1 

Soconds (Jastoi 

94/8 

89-1 1 

0 81 

.-0 


24 

( 'otton Oil 

1 -9210- 
1 9242 

74 4 

90 0 

0 7 f 

1 29 } 

1 111'! 

I 

Up t<.2'3’ 

86 98 

lbs ling, Malabai 

1 931 ()- 
1 9384 

89 89- 
93 1 

0*79 

0 87 

I 


85-89 

Japan Fish Oil 

( 91,')!- 
\ 9245 

89 5 

90 2 

0 08 

0 91 ) 

' 78 4 


00-71 

Liiiscod Oil 

91(54 

j78G- 1 

1 85 3 1 

11- 1 
1 18 ) 

I 167 7 


27 43 

Maire Oil • 

( •9095- 
f 9109 

1 

, J 88-91 

1 1 0- 1 
1 2 41 ) 

120 127 


63-73 

Rape Oil » 

1 9053- 
\ 9115 

77 2 

88 9 

1 22 f 

2 48 ) 

148 9 

1 

' 22-31 

Salmon Oil 

9142 

/8G-4 1 

1 87 7 J 

0 93 



00 

Se.i Klrplir^it Oil 

9048 

88 91 

0 30 


, 

53 

S. al Oil . 

9112 

90 21 

0 99 
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Scaame Oil 


99 11 



1 

78 

Soya Bean Oil . 

1 9059- 
\ 920? 

84 3 

91-7 

0 97 f 
211 j 

124,141 

* 

42-71 

Tallow 


90 J 


I ... 


Ut7. 

Whale Oil 

_ • 

J -909.5- 
1 9255 

7‘2-(i-2- 

100 

0 01- 
T59 

' 107- 
135 5 

Up to 

' 10'';, 

78° F }| 


* FATTY ACID DISTILLATION. • ^ • 

The distillates obtained from autoclave fatty acids in tost according 
to the raw niat< rial and the length to uhich the distillation has been carried. 
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Non-fatty matter is never present in distillates ; i(^ a sample ofTered as 
distilkitc contains non-fatty matter, it is a proof of incorrect description on 
the part of tlnS l)arty oflerin^' tl»e sample. The molecular weight of the 
fatty acids in fatty acid ilistillates is almost invariably lower than 282, so 
that titration on *282 may give results 2 to 5 per cent, above the truth ; the ^ 
oidy safe method is to determine the unsaponiliahle matter by extraction 
wdth petrol. 

Fatty Acid Distillates. — 

Specific (havity up to df.'lOO. 

Free Fatty Acids up to l)8-r) per cent, gravimetric. 

Unsaponiliahle usually below 5 per cent. ; may rise to 10 })er cent, in 
bad samples. t 

Iodine Value ")7 to Th. 
f/old Test 20 to 120' F., according to origin. 

It should not be forgotten that the iodine value of the distillates bears 
no relation to the iodine value of the original oil or fat, For example’ 

An oil having an iodine value of 125 when autoclave<l, decomposed, and the 
fatty acids distilled, gave a distillate having an iodine value ot 75. The back 
ends of the distillate are usually redistilled, but the hack ends fiom the more 
Iluid oils have been sold as cloth oils. 

Back Ends from Fatty Acid Distillation. — 

Specific Gravity . ’9128 to ’9760 1 iTnsaponifiablo .' . 8‘4() to .‘I9’r)G% 

Five Fatty Acids . 31 ‘02 to 87*77% | Cold Test . . . .35 to 74“ F. 

The amount of combined fatty acids will of course dcjiond upon the 
amount of undccomposed fat left in the fatty acids distilled. 

The products from the gas condensers havc^ also been marketed at times 

as textile oleines ; these oils from the gas condensers an* characterisi'd by a 

more or les.s strong smell of acroleino. 


Oil mo.M Gas Condkk.sku.s. 


Specific Gravity . 

. *9007 

Un3a])oniliablc 

. 29 ‘65% 

Free Fatty Acids 

. 66 to 100';^, as oleic 

Cold Tost . 

. 48 to 78“ F. 


Pressing of Fatty Acids. — The cold test of the oleine from the 
pressing of fatty acids is only dependent on the temperature at which the ' 
fatty acids are pressed. 

The melting point of the stcarine from the same fatty acids dejicnds not 
only on the temperature at wdiich the fatty acids arc pressed, but also on the 
physical condition of the fatty acids thomsclves. 


u 


t 

FA'ity Acids. 

Olkine. 

Steaiunk. 

Free Fatty Acids . 

87*42 

414 

95*18 

Cold Test . * . 

82" F. 

24“ F/^- , 

113“ F. 

. 0 

Free Ftfcty Acids . 

91*65 

80‘13 

100 

Oold^Test , 


20“ F. 

IIS’F. 
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Candle Stearine^. — The free fatty acids in distilled candle stesrines 
when calcnlatcd to oleic a(‘id are almost always over 100 per cent. ; tl^is is 
owinjjj to the fact that the molecular W(‘ight of tluur fatty aT;ids is usually 
from 205 to 275. These stearines are never entirely free from unsaponihahle 
matter, which may amount to from 2 to 2 per cent, in the*poorer ipialities. 
Jn saponified candle stearines the free fatty acids calculated as oleic acid may 
be as low as 93 per cent., oven when the melting jioint is over 130’ F. The 
iodine value varies with the source of the material, and also with the process 
rased in manufacture*, and may rise to 28. The ash should jdways be 
determined ; an amount of ash that is immaterial for most purposes is fatal in 
a candle stearinc ; the percentage of ash should be so low as to be unwoigh- 
able when 4 to 5 grammes of the sample are burned off. The melting point 
of the cokf-pressed stearine varies with that of the distillate pressi'd, and 
also to some extent with the .season of the ye.ir. 


Mkluso Poini’ of 
Dis'iua A I K. 


MjCL'IINO ItllNl’OF 
(Jol.D-l'KKsSFD Si KAKIM . 


88 F. nr F. 

90 ,, 1 no ,, 

90 ,, 1 11*2 ,, 

72 11.^. ,, 

79 ,, 117 ,, 

• 


This stearinc is afterwards hot pressed in order to remove the last portion 
of the wd, the molting point of the hot-pressi'd stearine varying with the 
tempera' lire at which the hot pressing is earned on, the time* in the press, 
awl also \\ ith tlu* [iressure apjdic'd. 


M ICL'llN(r I'OIM’ 01- 

Meli iN<j Point oi 

( 'Ol.n-FRKSSF.ll S ri'.AlUN F. 

HoTI-KIssI- J i Sll- \K1NE. 


— 

tir F 

120' F. 

112,, 

117 ,, 

126 ,, 

128 ,, 

118 „ 

133 ,, 


The hot-pr«'ss oil obtained during hot pressing is either redistilled or sold 
for textile soap making. 

The.se hot-press oils usually test 95 to 100 per cent, free fatty acids, 
the unsaponifiable may rise as high as 7 per cent. The melting point varies 
with that of the cold-pressed stearine put through the hoi presses. ^ 

The iodine value of the hot-press oil is governed more by the origin of the 
material than by the temperature at which the hot pressing takes place. 

lIo'i-PUEs.s Oils. * 


Specific Gravity , . 
Free Fatty Acids 
Unsaponifiable . 
Iodine Value 


•9172 to *9315 
95 to 100% 
1-40 to 6-72% 
71-2 


Open Fla-sli 
Melting Point . 

Gold Test 

« 


31f0 to 340“ F. 
98^to 11*.^,, 
87 to 109 ,, 
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^ OLEINES FROM PRESSING OF FATTY ACIDS AND 
‘ FATTY ACID DISTILLATES. 

Those oloiiiQS are of two classes ; — 

1. Saponification oleines, from tho pressing of fatty acids, from decomposing, 
after autoclaving or other sjditting process. 

■J. Distillation oleines, from products which have becm distilled after 
splitting and the distdlato pr(‘sse«1. 

Ten ye.irs ago tho iodim^ values of saponification oleiiu's ran from (15 to 
SO per cent lower figiiros than any distilled oleines on the market; this 
constitutes a good distinction hetwemi the two classes, lait at the present 
time there are saponified oh'incs on the market with iodine yaliu's up to 
110. The old distinction is now rc'viTsed, and at the jiresi'iit time an 
oleine with an iodine value o\er 1 10 is most probably a saponification 
oleine. ' 

Dn disidlation the nndc'composed fat presimt in the mati'rial distilh'd is 
broken uj), whilst in saponified oleines all the undc( omjiosed fat is found in 
the oleine, and this diflerence in tin* amount of combined fatty acids jiresent 
is the most definite diflerence botw(*en the two classes, abd may in the case 
of saponified oleines rise to IS per cent. 


DrsriLi Fi) Oi-KiNKs. 

SAPOS’IHC Ci ION 

Ol FINKS. 

Pur cent, ('onibmod Fatty Acids 

Per cent Combined 

F.ilty Acids 

American I’rown 

. t 11 

Kiom In 18 

Dutch ,, 

. 1 41 



American ,, 

0 6G 



Kiencli ,, 

0-61 


‘ 

V . 

. 0-98 




IODINE 

VALDES. 


DlsriLI.AIION Ol.KINFS. 

SArONIFieCIUtN Or,l>I\RS. 

Ameiican Pali* . 

82 -1 to 113 3 

Bflguin Pale 

()9 f) 

,, Pa own 

76-8 to 110 

, , Brown 

, Of) 4 

Australian Pale 

77-9 

Fnglisli Pale 

99 5 

lielgian Pale 

82-7 

,, Brown 

73-0 to 140 

,, Ihown . 

83 4 to 87-7 

Fnndi ,, 

82-5 to 132 

Dutch Pale 

82 2 

Spanisli Biowui 

80 

,, brown , 

80-5 to 86-1 



Fiend* Pale 

84-4 



,, Brown . 

79-1 to 88-9 




Sacomificaiiov Valuih. 




- - 



A^icricar^Brown 

. 194 to 201) 

Dutch Pale . 

. 19.5 

Australian Pale 

. 204 

Englisfi Browfi 

. 180 to 19.5 

* ,, lirojvn . 




t - 


- 

V. 
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RiCFRAC'IIVK iNlUfFS A I 70" F. 


Afnoricaii Pale, Distilled r4()()8 to I 1676 | Dutch Pale, Distilled 

,, liiowii, ,, l'4r)96 to 1'4676 | ,, Prowii, ,, 

Australian J*ale, ,, 1'46'26 English Pale, 

Ih'lgian Palo, 1 1626 to 1 1656 I ,, Hi own, ,, 

,, Blown, ,, 1 1626 to 1 1676 Fionch Palo, ,, 

,, ,, Saiionilied 1'1626 , ,, Blown, ,, 

Unsaponifiable. — In Kaponifn'd oloinon thfi uii.sai>oiiiri<‘ible .sliould iiover 
rise above ‘J‘5 per cent., but in ilistillod oleines tlie ainoiiiit of unsaponitialile 
will depend, on the raw in.iteriiil, tlic c<ire tnken during distillation, and also 
on the amount of distillate collected for pressing. 

At tjie presi'iit time oleines are usually sold on the percentage of sapoiiiti- 
able m.itter they contain, so tlu* only thing necessary is to see that the lest of 
the bulk is eipial to that of the sample which was bought on. 

The molecular weight of tlu' fatty acids from oleines do not vary f.ir fiom 
that of oleic acid (2X2), from 270 to 2X7. 


1-4616 to 1 4021 
. <» 1-4636 

. 1 4666 tn 1 1700 

. 1 4615 

1 4616 
. 1-4636 


Evilioration Loss on Healing to 212' F. for Thioo I lours , 

___ I 


Ihdgiau Brown, Dislilh'd . . 0 43 per omit. 

English ,, ,, 0 52 ,, 

Aiiieiioan ,, ,, . . 0 67 ,, 


ViscosriY AT 70 F , Rimwoon 


lOIUNF. Vm.I’KS 

American Pale, Distilled 

19S 

87 

,, Blown, ,, 

ISO 

89 

Au'tralian I’ah*, ,, 

152 

80 

Dutch Pale, ,, 

168 1 

82 

,, Blown, ,, 

206 ! 

85 

English Brown, ,, 

,, Sajiomficd 

Ficnch Brown, Di.stillcil . 

205 

86 

212 


1S5 

81 


The above figures show that contrary to what one would expect from 
analogy to the fatty ods, there is not even a general relation between iodine 
value and viscosity. 

Oxidised Fatty Acids. — Here ag.dn the percentage yf oxidisjid acids, 
though only small, has a most decided iiiHiience on the colour of the oleine : — 
French Brown distilled, 0'85 per cent.; American Broun distilled, 1-35 
per cent. j 

It will be found that, taking dilTerent samples of the same make, the 
lower the cold test, ii>ahrgher the unsaponifiable and iodino values will be. 

“ Gilding’.”-^ Liability of oleines to cause staining of woojlen goods, 
technically called gilding, ** * 

The cause is the [irescnco of fatty acids from semi-drying,and drying rtils 
in the oleine. The liability of an oleine to causi* gilding i«j much incre*^sed in 
- • • 
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the presence of water. An oleine that will not stain jfieccs or yarn, oven after 
lyin,^ in pile in the grease for a year, will do so in two or three months if 
water has any* access to the goods — say, through a (hdective roof. When the 
goods come to ho scoured, bleached, and finished these stains show up iiiore 
plainly than ever. I Ip to the present no method of removing these stains on 
a commorci.il scale has been found, the i.atest process put forward being the 
use of hydrusulphitc of soda (IIyraldit(‘, llongalite, etc.) and soap. This 
certainly removes part of the stain, hut the stain is still quite visible even 
after repeating this treatment three times. 

At the present time there are so many mixtures sold as oleine that the 
iodine value, in spite of the reliance jdaced upon it by most people, is of no 
value whatever. The figures from llallantyne’s Specific Tenqionitnre reaction 
are much more reliable, and are obtainable in a few minutes. J^Iackey’s oil 
tester also gives reliable results within three hours. 

A mixed oleine used for whit(‘ yarn, and known to cause gildi>ig, oven 
when the yam was kept quite dry, had an iodine value of 62 3 —a figure 
which would be consideri'd as beyond (piestion by anyone wlio judged by 
iodine value only — but the same sample in Mackey’s tester rose to 240’ F. in 
one hour, and to 300’ F. in eighty-two minutes. Tlui specific temperature 
reaction of the same sample w.is 106. Those are figures to lie expected from 
an oleine which is known to cause gilding of dry yarn. It may be taken that 
there is no certainty that an oleine will not cause gilding if it rises above a 
temperature of 215“ F. in two hours in M.ackey’s tester, or if it has a specific 
temperature reaction higher than 00. Jf the specific temperature is not over 
100, it will only gild under exceptional circumstances. 

In these oleines, like those from recovered products, thi' refractive index 
rises with the fall of the cold test. 

A sample of Frmicli brown oleine, after keeping for twelve months, h.ad 
separated a large amount of stearine (over 90 per cent.), tire liipiid portfon 
Mas poured off, and the liijuid and solid portions tested separately. 



blQl’in PoiiTlON'. 

Solid Poution. 

Refraiitivc Imh x 


1-4680 

1-4666 

Cold Test 


42"* K. 

•r.4° K. 


For the B. F. tests for Acidum oleicum, see the B.F. limits at the end df 
the book. 
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.sk(;tion VIII. 

GLYCERINE. 

Qualitative Detection. — Heat the subhlanco to be letted in “a test tube 
with t\\ice its weight of potassinin bisnljihate , if glyeeriiie is [iresent, 
acroleine is given oil, possessiiiii; a most penetrating odour, and causing a 
copious flow of tears Commercial glycerines aie derived from two sources: — 

1. 'riu' Waste lyes of the soap-maker. 

2. Tlie splitting of fats l»y o[)cn processes or in the autoclave, by the 
candle-maker or explosive-maker. 

The secoml class is always tlu' purest, and the easii'st to work up for 
dynamite glycerine or for “chemically puns” 

The soap-makers’ crude of the presi'iit time is a \ cry dillerent article to 
that of twi'uty years ago. A lirst-elass soap-maker’s crude at the present 
time does not contain 10 per cent, ash, whilst candte-makers’ crude is usually 
sold on a basis of Os') per cent. <ish, with an allowance for every Od pur cent, 
abovi! or below this figure. 

All commercial glycerine is bought and sold on the results obtained by 
the official method, which is given below. 

The following method of the International Committee of 1911 must A»e 
used for all analyses in buying and selling: — 

Sampling. — The most satisfactory method for sampling crude glycerine 
liable to contain suspended matter, or which is liable to deposit salt on 
setting, is to have the glycerine sampled by a mutually approved sampler as 
soon as possible after it has boon tilled into drums, but in'aiiy case before 
separation has taken place. In such c<ises he shall sample with a sectional 
sampler, then seal the drums, brand them with a number for dlentification, 
and keep a record of the brand number. The presence of any visible salt 
or other suspended matter is to be notid by the sampler, and a report of 
same made in his certificate, together with the temperature of the glycerine. 
Each drum must be sainjilcd. 

Glycerine which lias deposited .salt or other matters cannot be accurately 
sampled from the drums, but an approximate sample can be obtained by 
means of the sectional .sampler, which will allow a complete vertical section 
of the ^yceriue'to be taken, including any deposit. 

Analysis. — 1. Free causiic alkali. 

Weigh 20 grammes of samiile into a 100 c.c. flask, dilute with about 50 
c.c. of freshly boiled distilled water, and add an e.xce.ss of neutral barium 
chloride solution, 1 c.c. phonolphthalcin, make u]> toj^c mark with freshly 
boiled disti'lled water, and mix. Allow^ the preeipitaleto , settle, draw off 50 
c.c.|clearMi(pior, and titrate with N/1 acid, calculate to Na.^O present as 
cipistic alkali. * 

2. Ash arid Total Alkalinity.— Weigh 2 to 5 grammes into a platinum 

^ 78 • 
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dish, l)urn oft the glyceciiie over a kuiiinous Argaud burner, tlic temperature 
being kept low to avoid volatilisation and formation of sulphides. When, the 
mass is charred to the point that water will not become coloured by soluble 
organic matter, lixiviate with hot water, filter, wash, filter, ignite the 
residue in the platinum dish, return filtrate and washings to the dish, 
evaporate, and carefully ignite without fusion, and weigh the .ish, Dissohe 
the ash in distilled water, and titrate the total alkalinity, using metljyl orange 
cold or litmus boiling, 

ft. Alkali present as Carbonate. — Weigh lo grammes, dilute with fto 
c.c. of distilled water, and add sufficient N/l MCI to neutralise the total alk.di 
found at (ft), boil under I’ellux condenser for ten to twenty minutes, wash 
down the condenser tube with distilled water free from carbon dioxiile, and 
titrate b,ick with N/1 N.iUll, using pluaiolphthalein as indicator. Calculate 
the perci'iitage of Na_,0, then deduct the Na.,() found in (1). ft'he dill’ercnce 
eipials tl^e Na^O existing as carbonate. 

4. Alkali combined with Organic Acids.— The sum of the jier 

centages of found at (l)and (ft) deducted from the percentage found 

at (2) is a measure of the Na,0 combined with organic acids. 

5. Determination of Acidity.- - Weigh 10 grammes, dilute with 50 
c.c. of carbon dioxide-free distilled w'atcr, and titrate with N/1 alkali and 
phenolphtlialeiii ; express in term of .Na,{) re(iuiied to neutr.dise 100 grammes 

0. Total Residue at l6o* C. — For this the crude should be slightly 
Alkaline with Na,(H),, not excei'ding the equivalent of O'ft per cent. Na>0 in 
order to prevent tlie lo'^) of organic acids. To avoul the formation of 
[lolyglycerols, this <dkabnity must not be exceeded. 

Prepardtion of Ten gramme.s ,ire weighed into a 100 c c. tlask, 

diluteit with WMter, and the calculated (piantity of N/l 11 Cl or .\/l Na„C(Jj 
added tc give the reipnred degree of alkalinity. The flask is made u|) to the 
nmrk, mixed, and 10 c.c. measured into a w'cighed Petri or simil.ir dish of ft|" 
diameter and 1^" deep, which should have a Hat bottom. In the case of 
crude glycerines abnormally high in organic residue a less (juantity is to be 
evaporated, so that the weight of organic residue docs not materially exceed 
ftO to to milligrammes. 

Kvitporatwn%f the (rhjarlne — The dish is placed on a water bath (the 
top of the IfiO'’ (J. o\eu acts eipi.dly well) until most of the waiter has 

ev.iporated. .From this point the cvapor.ition is etba ted in the oven. 

yatisfacLory lesults are obtained in an o\en measuring 11 i ubie inches 
having an iron plate, f inch thick, lying on the bottom to distribute the 
Ifbat. Strips of .isbestos millboard are placed on a shelf half-way up the 
oven. On these strips the dish containing the glycerine is placed. 

If the temperature of the oven has been adjusted to 1 00“ C. with the door 

closed, a tenijicraturc of IftO to 110 (b can be mauitained with the door 
jiartly open, and the glycerine, or most of it, should bo oxaporated oft' at 
this temperature. When only a slight vapour is seen to cdlne oH, die dish 
is removed and alh)wcd to cool. An addition of ()-5 to 1 '0 c.c. of distilled 
water is made, and by a rotary motion the residue brought wholly or nearly 
into solution. The dish is then allow'ed to remain on a water bath or top of 
the 160' C. oven until tho»exce.ss w'ater has evaporated and the residue- is in 
such a condition that mi returning to the oven at 160 0. it will not spit. 
The time taken up to this point cannot be given definitely, nor is it flnport^int, 
but is uyu.illy two to threte hours, h'rom thi^J)oinl, however, the schedule of 
time must be strictly adhered to. The dish is allowed to remaiif in the oven — 
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.<>f tK« indicator at this. point will cause a return of the'piftkiBh;:dolou3:; tto 
J^uSt be neglected, and the first end point taken. - ■ . : . 

From the N/l NaOH consumed calculate the percentage of glycerol after 
making the correction for the blank test described below : 1 c.o. NaOQ N/1 
iequals 0*03069 gramme glycerol. 

The coefficient of expansion for normal solutions is approximately 0*00033 
per cubic centimetre for each degree centigrade. A correction should be 
made on this account, if necessary. 

Blank TeU . — As the acetic anhydride and sodium acetate may contain 
impurities which affect the result, it is necessary to make a blank tost, using 
the same (piantitios of acetic anhydride and sodium acetate as in the analyses. 

After neutralising the acetic acid it is not necessary to add more than 
5 c.c. of the N/1 alkali (D), as that represents the excess of alkali usually left 
after saponification of the triacotin in the glycerol determination. 

Determination of the Acetylisable Impurities.— The totat residue 
at 160° C. is dissolved in I or 2 c.c. of distilled water washed into a clean 
acetylising flask of 120 c.c. capacity and the water evaporated. Now add 
acetic anhydride and anhydrous sodium acetate, and proceed as in the glycerol 
determination before described, and calculate the result to, glycerol. 

Analysis of Acetic Anhydride. — Into a weighed stoppered vessel' 
containing 10 to 20 c.c. water run about 2 c.c. of the acetic anliydride, 
replace stopper, and weigh ; allow to stand, witlj occasional shaking, for several 
hours, until all the acetic anhydride is liy<lrolised ; then dilute to about' 
200 C.C., add phonolphthalcin, and titrate with N/i NaOH, This gives the 
total acidity duo to free acetic acid and acid formed from anhydride. 

Into a sto})pered weighing bottle containing a known weight of recently 
distilled aniline (from 10 to 20 c.c.) measure about 2 c.c. of sample, stopper, 
mix, allow to cool, and weigh. Wasii contents into about 20 c.c. of cold water, 
and titrate acidity as before. This yields the acidity due to the original 
formod acetic acid plus half the acid due to anhydride (the other half having 
formed acetanilide) ; subtract the second ros\dt from tlie first (both calculated 
for 100 grammes) and double the result, obtaining cubic centimetres N/1 
NaOH per 100 grammes of sample: 1 c.c. N/1 NaOH equals 0*0510 acetic 
anhydride. 

DICHROMATE PROCESS FOR GLYCEROL DETERMINATION. 

Ukaoknts IIkquirkd. 

A. Pure potassium dichromate powdered and dried in air free from dqsk 
or vapours at 1 10 to 120° (!. This is taken as the standard. 

B. Dilute dichromate solutiofi. 7*4564 grammes of the above dichromate 
(A) are dissolved in distilled water and the solution made up to 1 litr6 at. 

* -16-5’C. ^ . / 

C. b'errous ammonium sulphate. Dissolve 3*7282 grammes dichromat^ 

(A) in 50 c.c. water, add 50 c.c. of 50 per cent, (by vol.) sulphuric acid, and toi 
the cold undiluted solution add from a weighing bottle a moderate excess bf 
the ferrous ammonium sulphate, and titrate back with the dilute dichrOHiftfe 

(B) ; fcaloulate the value of the ferrous sulphate in term^ of dichromate. r * 

D. Silv^jr carbonate. This is prepared as required ^or each test frqro^ 
"I l40wj.c. of 0*5 per cent, silver sulphate solution by precipitation with 

" Q.c. N/1 sodium carbonats solution (a little less tban the calotd^^d» 
vq}|iantity of N 71 sodium carbonate should be used ; any excess of 




prevents settle, decant, and wash once ^ by 

d^antatipni ^ 

" ‘E. Subaoetate of load. Boil pure 10 per cent solution of lead acetate 
with an excess of litharge for one hour, keeping the volun^ constant, and 
filtrate while hot. Disregard any precii)itate which subse(piently forms, and 
preserve out of contact with carbon dioxide. 

F. Potassium ferricyanido. A very dilute solution containing about O'l 
per cent. 

Procedure, — Weigh 20 grammes of the glycerine, dilute to 150 c.c., 
atid take 25 c.c. ; add the silver carlwnate, allow to stand, with occasional 
agitation, for about ten minutes, and add a slight excess (about 5 c.c. in most 
cases) of the basic lead acetate (E) ; allow to .stand a few minutes, dilute 
with distilled water to 100 c.c., and then add 015 c c. to compensate for the 
vCjume of the precipitate, mix thoroughly, filter through an air-dry filter into 
a suitable narrow-mouthed vessel, rejecting the fir-st 10 c.c, and returning the 
filtrate if not clear and bright ; test a portion of the hltrale with basic lead 
acetate, which should.producc no further precipitate (in the great majority 5f 
cases 6 c.c. is ample). Occasionally a cnule will Im! found ro(juiring more, and 
in this case anothcB alajuot of 25 c.c. dilute glycerine should be taken and 
purified with 6 c.c. basic acetate. Care must bo taken to avoid marked 
excess of basic acetate. 

Measure off’ 25 c.c. of the clear filtrate into a gl.ass flask or beaker 
(pteviously cleaned witli ^potassium dichromatc and .sidjihuric acid), add 
3*7282 grammes dichromate (A), rinse down tlu; dichronuite with 25 c.c. 
water, and stand, with occasional sliaking, until all the dichromato is dissolved 
(no reduction will take place). 

Now a^fd 50 c.c. of 50 per cent, (by vol.) sulphuric acid, and immerse the 
vessel in boiling water for two liours, and keep pndected from dust and 
O^anic vapours, such as alcohol, till the titration is completed ; add from a 
weighing bottle a slight excess of the ferrous ammonium sulphate (C), making 
spot tests on a porcelain plate with the potassium forricyanide (F) ; titrate 
rack with the dilute dichromato. From the amount of (liehromate reduced 


calculate the poj^centage of glyceroPfj^^ 1 gramme glycerol equals 7*4564 
grammes dichromato, and 1 gramme dichroiiiate e(pials 0*13111 gramme 

glycerol. 

Notes. — r. It is important that the concentration of acid in the oxidation 
mixture and the time of oxidation sliould be strictly adhered to. 

Before the dichromato is added to the glycerine solution it is essential 
that the slight excess of load be precipitated Avith sulphuric acid, as stipulated 
in the process. 

3, For crudes practically free from chlorides tlie quantity of silver 
(^ttfl^nate may be reduced to one-fifth and the basic lead acetate to 
0‘6. c.^. • • 

" 4. It is i^metimes advisable to add a little potassium svdphate to ensure 
‘ft jfieair filtrate. 


Instructions for Calculating the Actual Glycerol Content.-^ 1. 

IJeteVmine the apparent percentage of glycerol in the sample by the aeptin 
^^ess, as described. Tkc result will include acetylisable impuritips if any 

- Determine total residue at 160“ C. 

Determine the acetin value of the rosidue"at (2) in terms erf glycerol. 

S ^Ddduct the result found at (3) from the percentage obtained at i(l).' 
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GLYOEWNE. 


Report this corrected figure as glycerol. If volatile acetylisable’ impurities 
are ‘present, tljese are included in this figure. 

Notes and Recommendations. — Experience has shown that in crude 
glycerine of good commercial quality the sum of water, total residue at 160* C„ 
and corrected acetin result come to within 0'5 per cent, of 100. 

Further, in such crudes the dichromate result agrees with the uncorrected 
acetin result to within 1 per cent. 

In the event of greater differences being found, impurities such as poly- 
glycerols or tri-methylene glycol are present. 

Tri-mcthyloiie glycol is more volatile than glycerol ; it can therefore be 
concentrated by fractional distillation. An approximation to the quantity cap 
be obtained from the spread between the acetin and dichromato results of 
such distillates Tri-methylene glycol gives by the former method 80*69 per 
cent, and by the latter 138*3 per cent., expressed as glycerol. In valuing 
crude glycerine for certain purposes it is necessary to ascertain the^ approxi- 
mate proportion of arsenic sulphide, sidphitcs, and thiosulphitos. The 
methods for detecting and determining these impurities have not formed the 
subject of this investigation. 

Recommendations by the Executive Committee.— If the non- 
volatile organic residue at 160° C. in the case of a soap lye crude be over 2*5 
per cent, — i.e, when not corrected for CO^ in the ash — then the residue shall be 
examined by the acetin method, and any excess of glycerol found over 0*5 per 
cent, shall be deducted from the acetin figure. Ir^tho case of saponification, 
distillation, and similar glycerines, the limit of organic residue which should 
be passed without further examination shall he fixed at 1 per cent. In the 
event of the sample containing more than 1 per cent, the organic residue must 
bo acetylated, and any glycerol found (after making the deduction of 0*6 per 
cent.) shall be deducted from the percentage of glycerol found by the acetin 
method. " 


SAMPLING CRUDE GLYCERINE. 

The usual method of sampling crude hitherto has been by means of a 
glass tube, which is slowly lowered into the drum, with tho^ object of taking 
as nearly as possible a vertical section of the glycerine in the drum. This 
method has been fo\ind unsatisfactory, owing to the fact that in cold climates 
viscous glycerines run into the tube very slowly, so, owing' to the time 
occupied, it is impossible to take a complete section of the drum. Another 
objection to the glass tube is that it fails to take anything approaching a corr^,ct 
proportion of any settled salt in the drum. A sampler has been devised with 
the object of overcoming the objections to the glass tube as far as possible. 
It .consists of two brass tubes, one fitting closely inside the other. A number 
of ports are cut out of each tube in such a way that when the ports 
openeti a contkiuous slot is formed which enables a complete section to bo 
taken throughout the entire depth of the drum. By this arrangement the 
glycerine fills into the sampler almost instantaneously. But there are also a 
number of ports cut at the bottom of the sampler which render it possible to 
takq a proportion of the salt at the bottom of the drum. The instrument is 
so constr\jcted that all the ports, ineluding the bottom ones, can be close^ 
simnltan^ionaly by the simple action of turning the handle at the top^' ^^ 
pmnter is arranged which indicates on a dial when a sampler is open 
closed. In fiB,mplors of larger section than 1 inch it is possible to arrang^ a 
thir^ motion whereby the bottom ports only are open for emptying, bat 
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sampling CflUDE GLYCERINE. 

samplers of smaller diAensiona this third motion must he dispensed with, 
otherwise the dimensions of the ports have to be so small that the sanfpler 
would not be efficient. • 

Jn using the sampler it is introduced into the drum with the ports closed, 
jand when it has touched the bottom the ports are opened for*a second or two, 
then closed and withdrawn ; the sample is discliarged into the receiving vessel 
by opening the ports. When the drum contains suspended salts the ports 
must be opened before the sampler is pushed through the salt, thus enabling 
a portion to be included in the sample. It is, however, almost impossible to 
obtain a correct proportion of salt after it has settled in the drum. It is 
therefore recommended that tlic drum should be sampled before the salt has 
settled. 

A 1 inch sampler^ withdraws about 10 oz. from a 10 cwt. drum. 

„ ,, „ ,, 5 „ ,, 10 

The quality of crude glycerine is dependent on tlu' close watching of many 
small points. The following figures show that if the autoclaving has been 
carefully done there is no advantage in waiting any length of tinu? before 
drawing off the 8w«et water : — 


SVVKET Waiku from AUJ'OCLAN k. 

PERCENTAOJi OF OlL, 

• 


Immediately after soitaiatioii ... . . 

0 14 

Settled for 1 hour . 

0 19 

n 1 „ 

,, , lioins 

0 If) 

0-15 

.. 2 ,, 

0*15 

.. ,, ,, ... 

019 

3 n • • 

0-19 


Oil determined by shaking out 100 c c. with ether moth, in separator 


• Acidity OF SwEF, I AVaier. 

Hekokr E'iher 
Kxiracjion. 

A Ft Ell Ether 
EX' l’HAC’llON. 

^Unsettled . 

2-5 c.c N/lOKOir 

2-0 c.c 

Settled for J hour 

2’r) 

2 0 ,, 

„ 1 „ 

,, 14 houis 

2-4 r. ii 

2-0 , 

2-6 ,, 

2-0 ,, , 

„ 2 „ . . 

2-6 , 

2*1 

M n 

2-4 ,, 

2-0 „ 

„ 3 .. . . 

2-3 

. . 0 , 


The acidity was determined by titrating 100 e.c. with N/IO KOH and 
phenolphthalein. ♦ 

~ If the autoclaving hg,8 been carelessly done there may be consicierable 
difficulty in getting a separation, even to the point of having acjd to add in 
order to obtain separation at all. , 

• * . • 

* ^Authorised luakers of sampler Messrs Young i^Co., 47-49 Stanley Street Kinntng 
Paric. OlftRffnw. ‘ 



v "water Battled tbre6 htSiirs ^nd evaperaiea aown jcp ray 

liesiiue at 160" C. . . 1‘07 per cent. > ^ 

Ash ... . 0*14 per cent. 

* Acidity .... 0*98 per cent, as oleic acid. 

Sweet water settled for thr(‘o liours, and then extracted with ether, aofi .■ 
evaporated down to 140' (I. 

Residue at iCO ' C. . . 0*76 per cent. 

Ash . . 0*1 5 per cent. 

* Acidity . . 0*70 per cent, as oleic acid. 

Saponification Crude.- A had sample whicli could not be filtered in , 
its original state, even wlien hot, izave the following (igiires ; — 

Residue at 160* (' . per cent. 

Ash . . ‘h40 per cent. 

After treatment the ash in this sample fell to 1*71 per cent. A large- 
amount of the residue in tins sample was soaps of alkaline earths, caused by 
careless decomposing. * 

Crude glycerine is ustially sold on a basis of so much per ton Jor a given 
percentage of glycerol, with r(‘l)ate Ixdow and allowance above. A reduction 
of so much per ton is usually made if the ash in the sample rises above 
given figure. 'J’ho crude must have a given specific gravity, usually 1*26. 
The acidity in some samples of saponificatioiv crude rises above fi per cent*> 
expres.sed as oleic acid ; this of course adds to the difficulty of purification. 

Crude glycoriuo, both saponification and soap lye, always separate fatty ' 
matter on concentration. This separated grease is a curious product, and has 
practically no value. The worst sample of this grease the writer has seo^' 
sank in water, and after washing (by kneading in water) and drying gave the , 
following figures : — 

Non-fatty Matter 49*G2 per cent. 

Fatty Aeidf« , . . .'’)0-.‘l<S per cent. . 

The fatty acids confcaiiu'd oxidised acids, with molecular weight 328, to 
extent of 16*8 per cent, on the dried sample, which leaves only .3iJ*58 per cent 
of the dried grease available for tlie soap-maker or distiller. 




SECTION IX. 

RESINS. 

QUALITATIVE DETECTION. 

Liebermann-Storch Reaction. a small amount of the fat, 
or better the fatty acids, in a few cubic c('ntimctros of acetic anhydride, warm- 
ing if necessary; cool, and drop in sulphuric acid (dl'7 c.c. of concentrated 
sulphuric acid and 37-5 c.c. of water). 'I’hc presence of resin is shown by an 
evanescout violet colouration when only small amounts are present ; if large 
quantities are present, the colouration persists for some time. 

Commercial rosins from all sources consist practically of nothing but free 
^ fatty acids and unsaponihable matter. This is shown by the fact of the 
amount of unsaponifiablc^ matter that can be extracted from the sample being 
the same whether the sample has been dissol\(‘d up in alcohol, the free fatty 
acids titrated witli a<iucons alkali, and tin* unsaponitiable matter extracted 
with petrol-other, or wliether it has heen saponified by boiling with alcoholic 
potash, and the unsaponifiable matter extracted in tlie usual way. 


• - ' ' ' 


_ , 


Samclk. 

Fiucic Fat IV 

Acids as Oi.fh 

GnsAI'ONIKIAHLS 

Mdlkcular 

1 Wkioht. 


Per ( cut 


1 

American B. 


9 08 


• „ v:: 

78-61 to 81 9f» 

4-9,5 to 5 66 

320- 

,, F. *. 

,, G. . 

,, H. . 

• Burgumly Pitch 

76-8.5 to 88 18 
85-11 to 88 -IS 

80 02 to 87*77 

2-28 to .5-62 


331 

66 -98 

3 19 

' B^reiich A.A. , 

88-19 

5-r,7 


D. . . . 

88 T).! to 86*01 



„ F. . 

90 -.59 



G. . 

91 65 



H. . 

81*08 to 82*40 

4 -77 to 4-89 

336 to 360* 

,, J. , 

K. . 

84*25 

1 .57 . 

86*36 

3 73 

* 

, w.w. 

85*31 

4 08 


. „ W.G. 

Greek F. . . . 

84*9.5 

.5-49 


77*2 to 86*41 

3-45 

319» 

.Mexioan 

77*54 to 82-84 

7 05 to 8 84 

J^rtugueBe 

• 81*25 

7-67 

314' 

''8pani«h X. , 

84 60 

* 

M No. 2 .• 

82*18 

4-27 


:‘r !!,. No. 8 

, 82-13 

4-56 

• • 

'J^irpeii tin e . 

88-0 

• 

• 1 
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It is exceedingly difficult to obtain any approAoh to accuracy when 
worl^iug on resins. Experiments were made with great care on a sample' of 
American H. resin. 2 -57 grammes were taken, and the saponifiable and 
unsaponifiable estimated. The following figures were obtained : — 

Unsaponifiable, 01 170 gramme, equal to 4'55 pel* cent. 

Saponifiable, 2-4430 grammes, „ „ „ 

Total, 2-56 grammes, loss 0*01 gramme. 

The fatty acids (molecular weight 331) were dissolved in 50 c.c. of petrol- 
ether to separate the petrol insoluble acids. 

2-443 grammes were taken, giving tlie following figures : — 

Petrol, soluble, 2 -079 grammes. 

,, insoluble, 0-1370 gramme, equal to 14-90 per cent. 

,, total, 2'51()0 grammes. 

This is a gain of 0‘730 gramme, equal to practically 3 per cent. 

An experiment w-as made to determine the loss, if any, on heating resin in 
the water oven. A sample of American H. resin gave a loss of only 0-26 per 
cent, after six days’ heating. 

'A sample of Greek resin with free fatty acids 85-10 per cent., uusaponifi- 
able 0*95 per cent., molecular weight of fatty acids 319, gave petrol soluble 
acids 95 per cent., molecular weight of fatty acids 340, petrol insoluble acids 
4*14 per cent., molecular weight of fatty acids 235. 

The molecular weight of the acids insoluble in petrol was such a startling 
figure that it was repeated, but again gave the same result. This result 
raises a grave doubt as to these petrol insoluble acids being oxidised acidST 
at all. Every other sample of petrol insoluble acids, with the exception of 
those from rosin, have a molecular woiglit decidedly higher than the molecular 
weight of the petrol soluble acids from the same sample. In this case also, 
like the American 11. resin, the total weights came to more than the weight 
taken. The petrol iusohible acids from the Greek sample took two days in 
the oven to come to a constant weight. *• 

Resin in Mixtures. — A general process for the estimatiofl of resin in 
mixtures has yet to be worked out. In mixtures with neutral oils, mineral 
oils, vaselines, and mineral waxes, simple titration on a molecular weighji 
of 330 is usually as near the truth as any other method. In cases where 
any quantity of free fatty acids are present, titration is of course no 
good. In such cases the Twitchell process is the only one available. 
The greatest drawback to this process is the fact that oxidised acids (from 
which ho samples are entirely free) are not converted into ethyl ethers 
during \he process. The removal of the oxidised acids removes anything 
up to 25 per cent of the resin present, so that no quantitative resulte 
ca p^J^ obtained by treating the petrol soluble portion by Twitchell’e 

^KBBVill be found that results as good can be obtained by determination of 
refractive index, and calculation from the refractive index of gOQ^- 
ot the article under examination, or of the iodine values. A 
r^our has been fixed for the different grades of American resin, and-'lhW# 
official for the ’United States. 



QUALITATIVE DETECTION. 


89 


The table gives tlfe amount of yellow and red on Lovibond's scale, to 
which the different grades imist conform : — * 



YiaLow. 

Rku. 


Yj''#.low. 

Red, 

w.w. 

•20 

•21 

1. . . . 

40 

7-6 

W.G. 

20 

2-5 

If. . 

45 

9-4 

N. . 

2.") 

3;l 

(i. . . . 1 

50 

15‘5 

M. . 

30 

4-6 

F. . . 1 

76 

34-6 

K. . 

35 

5-8 

E 

100 

62 ‘6 


QUANTITATIVE ESTIMATION. 

Tv/itchell’s Process. — The amount of sample' to be weighed out is 
governed by the fact that after saponifying and removing the nnsaponifiable, 
decomposing tlie f5(>ap with acid, and shaking out v/ith ether, the weight of the 
remaining fatty acids is found to be about 5 grammes. 

Etherificati9n, — The fatty acids are weighed into a 300 c.c. flask, dis- 
solved in 50 c.c. of absolute* alcohol, and otherified by leading in a steady 
stream of hydrochloiic acid gas until the solution is saturated (this requires 
from one to two hours), tlio flask containing the alcoholic solution to bo 
cooled in watei’, keeping th(i tem])erature as low as possible. The resin fatty 
acids present do not foriTi ethyl ethers. After the hydrochloric acid treatment 
the flask is allowed to stand for half an hour at room temperature, water is 
added to five times tin; volume of the flask contents, and the whole boiled 
under reflux for fifteen minutes. After cooling, the liquor is poured into a 
separate!, and shaken out, first with 100 c.c. and then with 50 c.c. of other, 
repeating if necessary until the ether rem.iins colourless. Neutralise the 
aqueous solution with alkali, and evaporate down to About 50 c.c., cool, and 
pour back into the separator, acidify, and again shake out with other, using 
25 c.c. each time, iintil the ether rciihiins colourless. All the ether extracts 
are united in a separator and shaken out with 50 c e. alkali (10 grammes of 
caustic potash,* 10 grimmcs of alcohol, .and 100 c.c. of w.iter), any brown 
rfniddle layer to bo run oft’ with the alkaline, solution. The ether solution is 
then washed with water until the water remains colourless, then shake out 
again with 10 c.c. of the alk.ali solution, whicli is followed by water as before. 
The united alkali and water washings are again shaken out with 50 c.c. of 
ether to remove any remaining traces of ethyl ethers, and this other washed 
with 10 c.c. alkali, followed by water, and these are united to the other alkali 
and washings. The alkaline solution is now acidified and shaken out with 
ether (60 c.c. each time) until the ether remains colourless. 

The acid liquor is neutrali.sed, evaporated down to 50 c^c., again acidified, 
and shaken out with ether. The united ether extracts are washed wfth water, 
the ether distilled oflP, and the residue dried and weighed as resin acids. The 
German customs again treat the fatty acids obtained by Gladdong’s process, 
but the errors in tlio whole procc.ss are so considerable, that there does not 
seem to be much gain fer the extra time spent, especially as the niaifi errors 
lie in the Twitcl^ell half of the process. • 



RECOVERED PRODUCTS. 


LIQUID RESIN. 


This is a byc-product of llu* sulphite process for preparing wood pulp for 
the paper-iuaher. It has been ott’('rcd also under the {}ernuin name of tall oil. 
There are oils jii the market of two distinct classes ; b(»th are dark brown 
treacly fluids, but the two classc's can bo distinguished by their different 
smell The one class — and this was the first to be marketed - has a very 
strong enipyreumatic smell, and the second class caia’ie.s a pkonounc(id acetous 
sfnoll; this class is quite useless for distillatioji, at any rate in the state in 
which it is at present marketed. 

In addition to the smell, these samphis may be distinguished from each 
other by placing about a gramme of the sample in t/nc water oven, when the 
normal samples arc quite lupiid after heatijig at this tem])oratnre for one 
hour, but the acetous samples are (piitc solid, having dri(‘d like a varnish. 

Normal samples gave the following figures 


Sjwcific Giavity 
Free Kat^ Acids 
Unsapoiiifiable 
Iodine Value . 


•9506 to 1-0111 
70-50 to 87-77% 
6-75 to 10-80';;, 
145-7 


Open Flash 
Water 
Gold Test 


346 to 360* F. 
Up to 11% 

24 to 64* F. 


A fuller examination of the saponifiable matter from liquid resin gave 


' Fatty Acids insol. in Ether . U-G3 per <‘eiit. •■ 

,, l‘otrol . 9T) ])or cent., with molecular weight 426.^ 


-The molecular weight of the normal fatty acids of the same sample was 330, 
a figure not far from that of ordinary resin. 

A- curious feature of these licpiid resins is, that although the original 
sample may have a cold test of 30” F. or lower, the nnsaponifiablo matter 
and also the fatty acids of the sample are both <piite solid at laboratory 
temperatures ; — 

Specific Gravity . • 

, Free Kitty Acids . 14-45 per cent. 

Unsaponitiablo ,, 


* The second class did not appear on our markets until about two and A 
half years after the first, and is distinguished from the first by the much 
; higher percentage of oxidised acids it contains, wliicli ^nay be as high as 

This >3 the only case up to now in wliicb a high percoytage of oxidised 
^8 fpUfid together with a low percentage of free fatty acids. 

" ® dhlillates from Liquid , Resins.— The colour of these varies 
broyrnr and they all turn darker on exposure to air and light. 



LlpUTp RESIN?' T 01 
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is’ slightly but very much less strong than that of tliie- 

oil. These distillates have been placed on the market as oleinei :~ 

sjpeolflp Gravity . 9448 to '9633 I Iodine Value . 94-8 

' Free Fatty Acids . . 69-44 to 83-84% Open Flash . . . 344 to 362“ F. 

-XJnsapqnifiable . 12*20 to 26*06% | Cold Test . , . 36 to 53“ F. 

RECOVERED GREASES. 

Many processes have been proposed and patented for the recovery of 
' greases and black oils from the soapy liquors of the textile manufacturer, hut 
decomposition with acids, which was one of the earliest methods, is, in this 
country at any rate, used in the production of the major portion of the grease 
marketed ; the only alternative that is used to atiy extent is the extraction 
with solvents, usually petrol or carbon disidphide. 

On*decomposing the soapy li(piors with acid a layer of inixed grease, dirt, 
and fibre settles to the bottom of the tank, tlu' acid liipior is run off, the 
magma allowed to drain, and then packed into bags, and again allow-cd to 
drain further. Tim bags are then put into a close<l press fitted witli an open 
steam-pipe. The^ ])ress is closed up, and steam turned on and allowed to 
heat the press and contents for about an hour. Pressure is then applied, and 
a mixture of grease and water runs from th(‘ press into a well, the water being 
pumped away, and the grease pumped into a tardv and heated with closed 
steam in order to separate the water from the grease ; after separation the 
water is run olf, and th? grease packed into barrels. 

' P'or works purposes the commercial procc.ss is carried out on a definite 
volume in the laboratory. 

The ihagma from fulling only gives . . black Oil or Soft Grease. 

,, ,, M and w^nrp washing gives black Oil or Medium Grease. . 

„ 5 , wool ,, , .Medium and Hard Grease. 

„ „ ,, washing only ,, Hard Grease. 

Other materials pressed hot in the same w^ay are .Sluxidy Dust, giving 
Black Oilj Eiigino Cloths and Waste, giving the so-called “Pressed Black 
-Oils,” W'hich are of very low <piality ; .Magma fnau Sewage Works, yielding 
®lack Oils, Soft Grc.ase, Medium Grease, and Hard Grease ; and Magma from 
Calico Pi'iriling Works, giving Printers’ Grea.se, 

Examination of Magma. -Magmas should always bo first examined in 
•order to be certain that all the soap has been dccoan posed before proceeding 
with the examination. 

Water . — Ton grammes are w'cighed into a beaker containing a glass rod, 
and the sample dried in the water oven until it is free from water drops. 

Fat . — The residue from the water estimation is extracted with ether, and. 
the ether filtered into a weighed flask ; thi.s is often a tcdioi^ operation, as the 
diiFt is very finely divided and stops up the pores of the filter paper. The 
^oxhlet patent gives no advantage for the same reason, 'riie ether is then • 
distilled off, and the residual fat dried in the oven and weiglied The, dirt is 

'taken as the difference between f.at water and 100. 

• 

/ Average Figi\^eB . — • 

Water .... 20'70 to 77’8'1 per cenU 

P^at .^-7« to r)7-r,.f) 

Dirt 1-50 to 39-09 
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In order to find whether the magma from a given source Urill giye a good or 
poor yield of grease on pressing, when calculating out the results the percentage 
of'grease must calculated on the dry magma after driving off the water. 

The cake left in the press is called sud cake. The amount of grease left 
in the sud cake vsiries with the care taken with the pressing, and in bad cases 
may be as high as 35 per cent. The sud cake is sometimes extracted with 
solvents to recover the residual grease. The grease recovered in this way is 
always to be classed amongst the hard greases. 


Grkases extracted from Sud Cake. 


Specific Gravity 

‘9539 to *9685 

Water 

. 0*81 to 3*21 

Free Fatty Acids . 

. 17-63 to 19-39% 

Dirt . 

. 2*26 to 31% 

. 86 to 91“ F. 

XJnsaponifiable 

. 32-31 to 36-02% 

Cold Test . 


The cake left after solvent extraction gave — 

Grease, 4‘26 per cent. ; Water, 2*60 per cent. ; Dirt, 93T4 per cent. 

The sud cake is usually ground up and sold for manure, but owing to the 
low percentage of nitrogen contained, it has not much value. The sud cake 
from mills wlierc indigo dyeing is done sometimes contains a fair percentage 
of indigotin. 

Indigotin Estimation , — The indigotin is estimatt'd by reduction of the 
indigotin with hydrosulphitc. 


Reducing Mixiurk. 

10 grammis of metabisulpliitc of so<la. 

4 ,, zinc (lust. 

110 c.c. of distilled w.xtcr. 

These are well mixed, allowed to stand for twenty to thirty minutes, then 
poured into a dish containing 25 grammes of slaked lime and 125 c.c. of dis- 
tilled water, again stir well, and filter in a bottle. Weigh out 2 grammes of the 
cake to be tested on a clock glass, wash the 2 grammes into a* half-litre flask 
with about half the reducing mixture, m.akc up to about 350 c.c. with distilled 
water, and boil for thirty minutes, then add the rest of the reduemg mixture, 
and fill up to the mark with well-boiled distilled water. Cool, and when cold 
transfer 100 c.c. by means of pipette into a dish, acidify with hydrochloric^ 
acid, and add a few cubic centimetres of hydrogen peroxide, boil until the 
indigotin has flocculated ; the indigotin is then filtered through a weighed filter, 
washed with water till acid free, dried, and weighed. 

Example : — 

lOOvC.c. takefti from the flask. Remainder 694 c.c. ^ 

Indigotin in 100 c.c. was 0*041 gramme : 

0*3256 X 50-16*28 per cent, indigotin. 

• l> ' 

Sud cakee must always be extracted with ether before determining the , 
indigotin, a* when grease is present the results are always too high. 

Recovered Greases, — Th^ main classes from the point of view of the - 
quantities op Iflie market are the Yorkshire greases. These greases 
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recovered from the wcol-^couring liquors, or from the raw wool by extraction 
with solvents. They are known in the trade as hard greases. » 

3&ck'wash grease is obtained from the scouring of the wdol after carding, 
and consists of a mixture of wool fat, fatty acids from the soap used in scour- 
ing, and the fatty acids, etc., from the oil used to lubricate tile wool in carding. 
Since the great increase in the amount of brown American cotton soap used in 
the textile trade, the value of many backwash greases to the distiller has been 
very much reduced. 

Extracted Skin Greases. — The largest weight of this is of American 
origin. 

A section likely to rise in ([uantity is the sewage grease. If the producers 
would deodorise these and sell them on a basis commensurate with their actual 
value— say on a basis of the percentage of normal fatty acids contained, with 
a rebate for all oxidised fatty acids over 5 percent. — the distiller would know 
what hie was buying, and the seller would know ex.actly the commercial value 
of his product. There is no difficulty in the deodorising at the present time, 
and if these suggestions, or something like tliem, were c.irried out, no doubt 
further uses w'ould )>e found for the.se greases. Almost every trade using 
oils and fats arc jnaking attenipts at recovery, so that the number of diffierent 
classes is steadily increasing. 

The extreme variation in the .saponifiable matter of these products is 
from 8 to 98 per cent. 

The methods of analysis previously given will bo found suitable for all 
classes of recovered products. 

Owing to the very variable molecular weight of the fatty acids from re- 
covered products no volumetric methods can have any claim to accuracy. 
Take I he free; fatty acids in Yorkshire grca.scs as an example : — 


Kvoe Fatty Acids Titr. on 282. 


16‘i)2 per cent. 
14-63 
• 19-76 

17-56 

28-20 „ 
31-73 


Fiec Fatty Acids, Craviniotnc, 


38- 6 percent 
31-36 

39- 30 
34-74 
41-56 
53-32 


When extracting the uiKsaponiliable from all wool greases, and to a 
greater or less extent in b.iekwash groase.s, one always gets a llocculent layer 
between the soap solution and the petrol layer. This middle layer consists 
of soaps from fatty acids of high molecular weight and high melting point. 
A sample was collected by filtration from the soap solution of Yorkshire 
grease after removing the unsaponifiable, the soap was washed oq* the filt-er 
with absolute alcohol until the washings were colourless. The soap was then 
decomposed with acid, and the fatty acids shaken out with etlier. This took* 
much time owing to the very slow solubility of these fatty acids in the ether; 
the. ether was washed, with w-atcr until acid free, then thp ether ,was dis- 
tilled off and the fatty acids dried and weighed. Tlio following results were 

obtained : — * . ‘ 

• • 

Melting pomt of the fatty acids vi Capillary tube lofi" F. 

Molecular weight 526, determined with N/4 aquedus^potash. 
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the ^mple with four septCrate lots of distilled water, using 60 o.o. each, 
timo, unite the extracts, boil and add hydrochloric acid and barium chloride, 
boil for at least one hour in order to decompose any barium salts of volatile \ 
fatty acids which were extracted from the grease by the boiling water, 
'filter off the barium sulphate, wash, ignite, and weigh. If the boiling with 
acid be not carefully done, the results may bo up to 200 per cent, in error. 
‘The amount of free mineral acid present in these greases seldom rises above . 
0-5 per cent. 

ENGLISH HARD GREASES. 


S[)ccific Gravity . . '946 t<» 'OOT* 

Unsapoiii (table . 28%upwui(l'> 

Iodine Value . . 19 l<t 41 

Reichert- Meibsl Value . 3*9 to 7‘0 
Saponification Vuluo . 91 to 127 

Molecular Weiglitof Fatty 
Acids .... 300 to 4 15 

Water . . . O'G to 30'/^ 

Ash . . . . 0 04 to 0-45% 


Iodine Value of Fatty Acids . 27 

. ,, Un&a])onifi- 

I able . 47 ‘5 

; Acetyl Value . . 130 t") 160 

! Acetyl Value of Unsapom- 
I liable . • .140 

Specific Rotation 13 '7 

Oxidised Fatty Acids . . 3‘9 to 7‘6% 


BELGIAN HARD GREASES. 


Specific Gravity 
Uusaponifiablo 


•9551 to -9600 
35-79 to 43-04% 


Cold Test . . 84 to 98 F. 

Fiee Fatty Acids . 6'70 to 15-51 as oleic 


These greases are usually clean, and the water below I '6 per cent. 


Speoific Gravity 
IJusaponifiable 


FRENCH HARD GREASES. _ 

•9408 to -9617 Gold Test . . 83 to 94^ F. 

28-71 to 39-60% Free Fatty Acids . 17-37 to 30-32 as oleic 


GERMAN HARD GREASES. 


-Stiecific Gravity . . -9184 to -I'OOS Cold Test . . 82 to 106, lb 

Unsapouifiable . . 30-62 to 39-57% Free Fatty Acid.s 5-29 to 34-90 as oleic 


These are often dirty, and have contained up to IS per cent, water. 


‘ ^lecific Gravity . 
Unsaponi liable 
lodihe Vakiie . ' 

' Reichert- Mfiissl Value 
^ Sa^opification Value . 


BACKWASH GREASES. 


. -920 to -950 

. 6 to 28% 

. 21 to 87 
. 2-0 

. 108 to 180 


Molecular Weight of Fatty . 

Acids ... . . 260 to 346 

Asli . . . • • O'Ol to 0'16% 

Iodine Value of Fatty Acids 57-6 
Oxidised Acids . . . 3 to 4 '6% 


SKIN (jREASES. 



•9000 to -9328 

0|K!n Flash 

, ;JF*e6 Fatty Acids 
iunwiponifiable . ^ . 

^ i , a 

14'8 to 45*1 (js oleic 
1-7 to 47-6% • 

Water and Solvonto 
Cold Test . 

* . ■ c 


' 


1 10 to 34^’ V/ 
0-8 to 3*7% ‘ 
48 to 90‘‘ 






KlgGOYBB«D OKEA.Sm , 9^ 

arfe recovered boiling with water, and also by extraction with 

solvents. . ’ , V ' 

Sewage Greases. — With the corporations of diflbrent ‘textile districts 
'tr^ng different processes, and also the varying amount of success which has 
attended these efforts, tlicsc greases are most vai'iablo in c'omposition ; they 
always contain more or less finely divided non-fatty matter, and tliis probably 
has a good deal to do with the difficulty found in some cases of getting these 
greases reasonably free from water. As a rule tliey eoutaiu water up to 
15 per cent., and non-fats up to 48 p<!r cejit. 

(JSNSRAL FlGiriJI'.S, 

Spocilic (Jiavity . 9285 lo ’DfeJS ' hxliiK' V,ilu< 

Free Fatty Adds . 18 7 lu62 75 <is oldc , Cold T«st . 

Uiisuponihafilo . IG 8 lo 85 poi cent i 


•28 7 to 35 -4 
73 to 94^ F. 


A comnicicially complete analysis of one ol the.so sewage greases gave 
the following figuies: — 


VVutoi 

Non-Fats 

Flee Fatty Adds 


0 73 [xTidd. Coiiibiucd Fatty AckIs , 
7 II 

15 50, niolecului Uiibaponi liable 
weight 301 


*2273, iijuleoular 
weiglit 429 
21 33 pel cent. 


Leiviiig lotal s ipoiulialile m.itlei, 68’23 per cent 
fiCSS oxidised ai ids, G 83 pei coiil, 

1' iiiully giving G I 10|«i a'liL .oail.ible s.ip(niili.il)h iiiatUr loi distillation 


r.GACIv On. MKtM SidVAOK. 


specific GiaviL) 

9270 to -9614 

W.ib 1 

2 6 to 3-43 per cent. 

Flee Fatty Acids . 

32 43 (o 39-48 us ideic 

Non-F.itb 

0 45 jier cent. 

Uiisaponifiuble • . 

4l-t)9 to 54 jK'i- cent. 

Cold Tv-st 

11 to 51” F. 


Printer^’ Grease. — This grease is recovered from the scouring liquors 
of the calico printer; sueh greases are all stroiigly dyed, and, as sufficient 
QOloiir distils over during distillation to disiolour the distillate badly, the 
printers' greases have not for tin’s reason found a ready market amongst the 
grease distilleis. The following figures weio obtained from an average 
sample ; — - 

Specific Gravity . '9318 I Dirt . 0 8 to 4'13 per cent. 

Unsajionifiablo 1’62 to 18 00 jici cent. | (Add TosI (fi to SS'’ 

, Water . . . 0 17 to 4’80 percent. I 

following process was patented in (Icrmany for decolourising printers’ 
grease, but does not appear to have made headway in this country. The 
grease is warmed up trf> 50 to 55° ()., filtered, wa.slied with w^atey, next 
mixed with 3 to 4 per cent of /ane dust or iron filings, and heated to 140 
to 300^0. to reduce the colouring matter. The reduction is fiiitslied^hen 
^ loj 3 drops of grease hi O'l c.c. of caustic ^oda, 40 13c, and 20 c.c. of watef 
ip longer, give a red or violet colouration. The colouring matters are then 
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made soluble by sulphonation of the filtered grease at a temperature of 
100 to 110* C. with 30 to 40 per cent, of 1‘53 specific gravity sulphuric acid, 
followed by welshing with water to remove the soluble bodies formed by 
the sulphonation. • 

Curriers’ Gl'ease may contain fish oils, fish stearincs, Yorkshire grease, 
recovered grease stearines, degras, paraffin wax, and mineral oils. Water and 
dirt should always be determined. An average sample gave : — 

Spacific Gravity . *9151^*9245 I Unsamnifiable . 28*72 to 7l'12% 

Free Fatty Acids . 3*53 to 31-02% as oloic j Cold Test . 81 to 117M^ 


Wool Fat Fatty Acids. — The grease coming from (Jermany under 
this name is the residual grease from the manufacture of lanoline. It is 
usually distinguishable from ordinary greases by its smell, which is that of 
the solvent used in tlie extraction of the lanoline. From its origin it would 
be supposed to consist almost entirely of tlu' free fatty acids oyiginally 
present in the material extracted. The following figures will show how far 
this is correct The wool fat fatty acids are characterised by a much smaller 
percentage of unsaponifiable matter th.m ordinary wool greases. The non-fats 
estimation should never be omitted, as the amount present frecpiently rises 
to 10 per cent. 

Sjjecific Gravity . -9432 ^-9735 I UnsaimmlUhle , 10-72 to 2‘i 04 pni- cent. 

Free Fatty Acids . 34-90 to 55-70 as oleic | Cold Test . 84 to 98' F. 


A more complete analysis gave : — 

Specific Gravity . . *9434 j Unsapoinfi.iblo 

Free Fatty Acids . 60-72, mol. wt. 346 Watei 

Combined Fatty Acids 19-08 ,, 433 | Non-Fats 


12 66 ])cr cent. 

0 93 

1 62 


The free fatty acids contained 28-18 per cent, oxidised acids, which equals 
18-80 per cent, on the original grease. Molecular weight of the oxidised 
acids 427. Tlio melting point of the oxidised acids in open capillary 
was 140” F. 

The variation in the amount of uiisaponifiablo matter in different 
deliveries of grease or black oil from the same source is naturally a matter 
of groat interest to the distiller or user of such grea.ses. The following gives 
the extent of this variation. For this purjKisc only greases known to come 
straight from the maker have been taken, and the figures represent hundreds 
of deliveries. 


Soft Greases . . 4 50 per cent. I Hard Greases . . . 5-43 per cent.,, 

Medium Grea.scs ,4-28 ,, | Black Oils . .4-89 ,, 

Any variation outside the above limits may be taken as fair ground 
for complaint. 

BLACK OILS. 

Thes^c are of two classes, pressed and extracted. Iffic plain term “ black 
oil ” usually means, in the trade, an oil from 40 to 90 per cent, saponifiable 
matter. 

Those oils called “ pressed black oils ” in the trade are oils from 8 to 26 
per cent, saponifiable matter, and arc recovered from shoddy dust, sponge 
cloths, engine waste, etc., by pressure. 

I\*jtraefcd black oils are oils from I -5 to 25 pei- cent, saponifiable matter 
fecovered from similar matcua)s to the pressed oils, but are recovered by 
meins of solvents, petrol being that most frequently used. 
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BLACK 

OILS. 


Specific (Jiavity 

9020 to 9485 ' 

Open Flasli 

330 to 300" F. ! 

Fice Fatly Aeidf. . 

29'18 to 77'55%ab oleic I 

CoM Te.st 

22 to 75' F. j 

Uiisapomhable 

7 65 to 62-74% 

Iodine Value . 

40 1 to 81-9 1 


The ainomiL of iii.ittor v^)I.(Li1g in the stoain ovc'ii is not Lirj:^o in siicli 
samples, being usually under 'J per cent. 


ORIvSSEl) Br>ACK OILS. 


Specific Or ivity . 
Flee Fatty Acids 

•8998 to 9223 

Op( n Flash 

318 to 400" F. 

1 '06 to 7 05"/o as oleic 

('old Test. 

24 (o 38 F. 

Unsaponifmblt 

76 21 to 96-83% 

Iodine Value 

19-1 

Vajtorising Point 

1 80 to 23 4 




These oils having a higher market value than the extracted oils, .ire liable 
to be mixed with the extracted oils. 'I'he volatile matter in pressed lilack oils 
does not rise above 3 pi'r cent.; these oils should be pr.icticaJly odourless, 
any smell of solvents pointing to admixture with the extracted oils; this 
may bo confirmed Ijy the determination of the volatile at 312' F. 


EXTRACTED BLACK OILS. 


kSp( cilio ( tr.ivity 
Flu Fatty Acids 
Total Sfipoui liable 
VaiiOi sing Point 


•861 :*Lo -9300 
0'7 to 10T)8';;, as oleic 
1 62 to 26’:/„ 

65 to 208" F. 


Open Flasli 
{'old Test . 
Iodine Value 


85 to 37‘L F. I 
26 to V' F ! 
19 ,1 to 36 I 


The matter vol.itile at 212“ F, rises in very bad samples as high as 31) to 
■10 per cent., the usual range being 3 to 15 -per cent. This test gives the 
best indic.itioii of the care used in driving oil' the solvent^ and also tells the 
in.ixiinum loss one can have in working the sample. 

Owing to the presence of solvent it is impossible to obtiin a correct value 
for the amount ^of unsa[)oniliablc matter in these samples. The following 
are figures obtained for the iinsapoiiifiable matter in one of these oils : — 

Percentage of unsaponifiable after ^ hour in steam oven . 73‘15 per cent. 

,, „ 1 „ „ „ n „ 

„ „ l| „ M „ M • 6G’06 „ 

Therefore in every case of extracted black oils or mixtures containing them 
one must estimate the saponifiable instead of the un.sapouifiable. The fatty 
acids are practically non-volatile at the temperature of the steam oven. 
Extracted black oil fatty acids : — 

After ^ hour in the oven . . 20'(i2 per cAnt. » 

„ U „ M „ „ • • 20-62 „ 

If the sample contains any water, the result of heating the sample in the 
oven must be reported as water iind loss. 

It is freipiently of interest to know whether a given sample is a natural 
product, or has be,en made by mixing black oil, mineral oil, ,ind gieasis 

The ratio of the free fatty acids calculated on 282 to the total s.Vponifkible 
minus the free fatty acidk gives a fairly good judication of origin in all black 
oils over 20 percent, saponifiable matter. In genuine black* oils this ratio 



98 


RECOVERED PRODUCTS. 


does not fall bolow 1 '6. The actual ratios fall frotji 8-4 to 16, with an 
average just over 2. All the samples examined with a ratio below T5 have 
on further exainination proved to be mixtures, and not natural black oils. In 
mixtures the ratio is usually Ixilow 1, and only in very exceptional cases does 
the ratio rise to M. In mixtures the ratio vari(‘s from 0*6 to 1'4. 

Viscosity of Black Oils. — The viscosity of the extracted black oils is 
often higher than that of the jjressed oils, owing to the general presence of 
lubricating oils, and even of (lark cylinder oils in the extracted black oils as 
a class. 

PRI^SSED BLACK OILS. 


Viscosity Redwood at 70” F. . . . 598 to 810 

„ ,, ,, 140' K. . . . 76 to 98 j 

KXTIIACTKI) BLACK OILS. 

Viscosity dl 70' F. . . 916 61.1 878 731 373 380 | 

,, HO' F. . . 106 80 75 92 70 71 

Op. n Flasli " F. . . . 376 380 375 377 382 370 


It Will be seen that there is no relation between the viscosity and the 
fi.ish [)oint, which is rather surprising. 

It is (piite easy to remove most of the solvent by steaming with open 
steam ; closed steam has very little eltect. 

Original s,im])le opcm Hash 250'’ F. 

After two hours’ steaming, open Hash .‘161 lA open steam. 

,, ,, ,, ,, 290'’ F. chjsed ste.mi. 

DISTILLATION OF RECOVERED PRODUCTS. 

The ideal sought by the distiller of recovered products is when 
Tot.d s.tponifiable matter 
k’ree fatty acids 

Although tliis IS never reached, there are recovered products on the market 
which .ip|>roach (piite chjsely this ligure. Jn order to obtain correct Hgures 
from which to calculate the ratio, both the sapomfi.ible and the free fatty 
acids must be determimul either gravimetrically or both, volumetrically. The 
distillation is carried out with superheated steam. 

The products of the distillation arc : 

SriHiT Oic. — This is the lirst product to come over at the beginning 
of the distillation. 

(iAS Oic is that portion of the distillate which is too volatile to con- 

4 d('n#>e in the ordinary condenser. 

Bai.k Di.sni.LATK. — The middle portion of the distillation. 

Still Bkiurns, Back Ends, or Seconds. — The dark coloured distillate 
which comes oH’ towards the end of the distillation. 

Bitch. — The pr.ictically non-volatile portion, of the grease ; this is left 
^ behind in the still. 

JJnlik© the distillation of fatty acids, the temperature at which the dis- 
‘‘tillation is carried out varies* w^ith the raw material 'distilled. The extent to 
which fracl^ioifatiou is carried out varies with the ideas of the distiller and 
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the nature of the pr^)cluct8 required^ eerlain ptciduttis, t,iich as the ^as oil 
and back ends, are usually redistilled; the .mioiint of redistilling^ ufother 
products again varies with the class of linislied products uspiired, and also 
with the market for whicli tliey .ire intended. Kedistilhn^^ is carried on to 
a iinioh greater extent on the Contnuait than in this countiy, a f.iet which 
accounts for the Continental prodiuts .is a rule liavine; less smell than the 
usual British article of the .same gr.ide. 

The following table ufives the results ol s.unjiles taken fi-om the distill. ite, 
and finally from the still, .it b.dl' hour inteiw.ils through the run of a still 
charged with brown Yorkshire grc.ise : — 


KiceovKiiF,!) ruoM Samclks iakkn kvki.y TIaii- IIolUv liiHuumioei Dimui.c vi les 


or llARl) IjIlI ASI, 











8p( cific 
Gravity. 

Iodine 

Value 

S.ipom- 

fidl)].' 

FxLi.ieted. 

IJiiviponi- 

lidbh 

Extnict. .1 

Fiei Fall 3’ 
Acids 
Ksliailed 

l’( i c nl. 
Roll 

Fatf y 

A( id 

, Mol. culai 
Weiglit. 

1 

■8059 

56'6 

37-45 

58 73 

11 88 

8 31 

.151 

2 

•8489 

58 0 

30 42 

0 1 25 

35 27 

8 07 

•282 

3 

•8439 

57 0 

32 08 

59 95 

39 79 

10 3 

179 

4 

•8517 

53 8 

36 41 

55 63 

t'2 15 

13 0 

1.57 

5 

•8703 

52 0 

50 72 

41 14 

57 08 

11 0 


6 

•8732 

47 8 

49 34 

n 81 

60 70 

1 i 0 

198 

7 

•8941 

46 0 

60 85 

32 61 

59 13 

16 8 

2.31 

8 

■8931 

43 7 

6ti 79 

30 86 

69 86 

1 1 9 

230 

9 

■8954 

43-4 

69 62 

29 17 

68 29 

lb 5 


10 

■9015 

39 8 

70 09 

28 18 

67 78 

14 8 

267 

11 

•9064 

38-8 

70 31 

28 81 

67 61 

1 1 2 

207 

12 

9919 

38 5 

65 06 

28 ’.8 

b7 47 

13 .5 

271 

13 

■on 39 

38 6 

64 03 

36-21 

63 -25 

] .3 2 


M 

•0091 

39 2 

58 86 

38 68 

64 01 

1 1 3 


16 

9111 

41 5 

bO 69 

37 51 

61 31 

12 7 

267 

16 

9165 

41 7 

56 1)5 

37 68 

61 '2 5 

12 3 

258 

17 

■9M6 

43 9 

58 56 

36 71 

61 35 

12 4 

261 

18 

•9150 

44'0 

58 25 

39 90 

61 ■32 

1 1 9 

271 

19 

9199 

! 51-3 

58 -.88 

; 39 18 

57 94 

11-1 

•288 

20 

•9119 

53 3 

55 73 

12 09 

57 3 1 

1 J 7 

287 

21 

•9157 

iT2 5 

62-21 

43 96 

52 80 

9 1 

313 

22 

•9204 

.52 7 

49 57 

46 89 

57 77 

9 3 

298 

' ‘23 

•9170 

54 5 

48 14 

48 93 

16 45 

8 5 

351 

•24 

•9131' 

53 2 

46 23 

53 24 

18 73 

1 7.7 

416 

25 

•9259 

63 8 

12 60 

.55-49 ; 

i i (i,5 

7 3 

3‘25 

26 

•9327 

52 0 

45 01 

66 23 

43 74 

«) 8 

375 ' 

27 

•9361 

63 -7 

13-91 

55-88 

42 54 

6 3 

392 [ 

28 

•92.51 

48 9 

45 94 

51 56 

16 37 

6 3 

410 

29 

'9289 

45-4 

43 32 

,55-51 

47 70 

6 4 

408 

30 

•9212 

43-0 

It -86 

53 60 

51 .35 

6 8 

404 

31 

•9172 

4r2 

38 47 

57-66 

51 .34 

6-9 

425 

32 

•9233 

41-8 

51-24 

48-67 

50 89 

6 7 

165 


Fitch 1 

40-2 





1 


W.inijik s. 


20 

20 

35 

38 

51 

50 

til 

()3 

03 

03 

65 

06 

07 

68 

09 

70 

71 

72 

73 
75 
78 
85 
93 

103 

108 

112 

117 

119 

122 

124 

125 
127 


The first runnings of the distillation “s[)irit oil ” are characterised by a 
strong smell, low specific gravity, and high vol.itility. 


Specific Gravity 
Free Fatty Acids 

Unsaj>onifiahle 


. --7901 to -8746 
. 11 25to 87-83"t 

as ohic 

11-35 to 64-04% 


Op. II Flash 
CoM Test 

Moloeiila) Weight < 
Acids^ 


. 90 to 3 12^ F. 

. • 18 to 68^ F. 

F.itly '» ^ 

, 239 to 280 


The percentage of matter volatile at 212" F. rises uji to 9^ jv-U’ cent. 
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Gas Oil.— J riic ])rocliict toniicd gas oil in the trado^is a very bad smelling 
body* which is too volatile to condense in the condenser, which of course has 
to be kept hot tlu'onghout the distillation ; its figures vary ladwcen wide limits 
according to the material distilled; this gas oil is one of the main sources of 
loss to the distil lev. 

Specilic Gi.ivity . ‘9008 to 9100 j Opcii Flash 189 to .112 F. 

Free Fatty Acids . 22 79 to 71 90 [ (!uld Test 52 to 91" F. 

aa oleic j .Molecular Weight <>( Fatty 

Unsajioiiiliablo . . 10 65 to 65-20 i Acids .... 258 to 361 

Pale Distillate. —The main product of the distillation is the pale dis- 
tillate, which IS suitable either for pressing or for sale as it is. The percentage 
obtained varies both with the raw materi.d and the care taken during tlic 
progress of the distillation. 

As recovered greases are obtained from veiy dillerent sources,' so the 
distillates vai v in their nature. 


Avtuaob Fujuue.s, Palk Di^tiu.aik 


Spot, die Gravity 
IJiisapoinli ihlc 
Iodine Value 
Sapoiiihable Value 


8970 to 9261 
1 5 to 55 %, 

16 8 to 65 
30 to 190 


Melting Point . 

Gold Test 
Ojiou Flash 

Molecular AW igljt ol Icitt} 
Acid.s . . , . 


70 to 126^ F. , 
65 to 122' F I 
300 to 331’ F. ' 

272 to 331 I 


Distillates from Cotton Foots. — In order to obLun and keep a good 
cnloiir these usually have to he redistilled ; the ladour of the market products 
is almost white, ,ind they are practically odourless. 


S]<eciti(- Gra\ ily . 9163 to 9223 | IJiisaponitiahlc 

Flee Fatty Acid.s . 64 16 to 94*47% I Melting Point 

as (tleic ' Cold Test . 


8 to 34 64",, 
86 to 96 b 
82 to 9r F 


Distillates from Continental Greases. — These arc .ilways of a good 
colour, and have but little smell, owing to the redistilling that is usually 
practised. 


Siiecific Gravity 
Free Fatty Acids 


. -8956 to -9214 

. 43-36 to 77 20';t 

as oleic 


Unsapomfiabh 
Cold T( St 
Iodine Value 


21 60 to 53 OO'X, 
71 to 127" F. 

38 to 40-3 


Still Returns, Back Ends, Seconds.— 'J'his last portion of the 
distillate is usually so dark in colour that it can only find a very limited 
market^ and so is usually redistilled. , 

The colour varies from d.irk brown to black, and as all wool grease 
prodiv^’ts bive more smell the more volatile tiiey are,' the back ends 
the distillate have but littlj) smell, and of course a fairly high open 
Hash. . •> 



RE(’OVEHED GREASE OLEINES. 


]VI 


Specific Gravity 

. 9135 to -9291 

Cold Test . 

t 

. • 68 to 13.^’ K. 

. Eicc Fatty Acids 

22 91 to 53 G.5';;, 

Iodine Valm 

. 39 8 to 41 7 


as oleic 

Moli'cufai W'eigid 

of Fally 

Uns.'ifioiiitiahio 

. 30 30 to 63 ■27", 

Acids 

292 to 446 1 

1 Open Fla.sli . 

. 361 to 391 


1 

1 


RECOVERED GREASE OLEINES. 

Olio of tli(; most ch.ir.icleiistic thioj^s iihoiit the recovf'rcd grease oleine is 
its peculiar smell, which aluay.s reminds one of wool, d’he amount of smell 
is variable, and at times not at all objectionable. The most reliable test 
chf'mieally is the iinfailiiiL^ [iresence of the decomposition protluels of chole- 
sterol. The many (pialitative tests bioiight forward by tin* chemists ot the 
(iei’m.r* customs for the (pialitative distinction of pure and adultiuMted wool 
}i;rc.ise oh'ines may bo dismissed P7i hlo(\ as it is (piiti' obvious that they have 
b(*cn based on the e.\aniination of a ridiculously iiiadeipi.ile siijiply of samples, 
both from the point of view of purit)’^, .lud also as to the various (pialilics that 
are, at any rate, on our Hiitish market. 

The viscosity of recovered oleines rises with the rise in the pc'Keutaac of 
misaponiliablo matter in the sample. 


rniCKM AfllC or US’sACONIHAIUK 

• 1 

VlS( 

osiiY \ 1 70 F KruwnoM. 

35 


195 

50 1 


465 

60 


660 


The above fl^tirea were, of course, from piiie samples. 

The percentage of nnsaponitiable matter in lecovered greasi> oleini's ^aries 
from 11 to t)d per eent., according to the (piality of material distilled, and tlu' 
c.vtent to wdiich fractionation has been earned out by the makei*. 

The specific gravity varies in the same way from 'SbrjO to ’1)210. 

ddic recovered oleines of Continental origin aie most noticeable for absence 
of smell aiy:l for good tliiidity. 

Many of the recovered oleines on the market arc adulterated, as may be 
seen from the figures. If the free fatty aciils be titi.ited as oleic, then the 
"difrercnce between the total saponilialilc matter and the titration should not 
exceed V’b per cent. ; if this figure is exceeded, it will always be found that an 
addition of neutral oil has been made. 

The sjiecific gravity rises with the increase in tlu‘ percentage of unsapoiii- 
fiable matter, but except in the ease of oleines with over 55 jier eent. 
misaponifiable, the specific gravity is always below' -1)20. Tlfo speeifii* tempera- 
ture reaction is always low, and the rise of temper.iture in Mai key s tester is 
never above 210* in two hours. The iodine \aluc is always below 90 in 
genuine samples. There are many oils on the market which are sold as w'ool 
oils, and which cause confusion if sold under that name, but unfortunately 
they are often marketed as oleines ; such oils contain a low jicrct'iitage of free 
fatty acids, a lugh percentage of combined fatty aci<ls, and arc^ gone^’ally a 
mixture of oleines and* vegidable, or more of(«n of fish oils and resin, and ^*n 
this account have a high iodine value, and also a high spooific temper.iture 
reaction. 
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Tlic figures given below show tlisl many oils sold as recovered oleines arc 
far from their de.'.cription. 

The samples uiven under (M( h he.iding are all from the same source. 


1 1 Kco V VAiKU ( ; 1 1 1^: a s i^: o i . i^: i n ivs. 


Tksi . 

Spfcii k 

(iltAVlIY 

Fi.kk t'Anv 

A( ids as 

Oi.i le. 

Un.s \r<)\n 

MAI’.I K. 

loDTNK 

VAom* 

Opkn 

Fi.asii. 

Cold 

Tks'I’. 

IVi’cf'iit. 


l’(‘l Ct'lll. 





70 

•8900 9000 

66 71 

27 31 

61-88 

3.30-312 

32 57 

70 

9018 9110 

49 .39 74 or, 

*21 82 32 68 


317 347 

43 52 

70 

9007 - 9201 

■20*79 29 90 

30 -2.5 n 1 98 


352 

45 48 

70 

•Qonn- 9081 

0 1 ni 07 33 

*29 .s9 32 78 


350 

'.50 57 

70 

•8972 9200 

, 49 71 *21 

22 7 *29 1 



41-52 

f.O 

9181 “108 

in 18 0 

18 6 ni 7 


330 33G 

48 53 

.^.0 

9090 -91.02 

, 188 11*4 

ni 0 01 

6 1-9 

3.35 317 

43 -.50 

no 

•8990 9250 

10 9 .52 9 

45 i-ni-2 

no nS'l 

317 347 

86-61 

.no 

1 -9052 9i:n 

' 418-51-8 

47 8 ni 8 

53 1 

316 334 

54-6*2 

no 

i 9100 914*2 

, 17 24 -ni *.8*2 

46 81 40 7.3 

57 61 

:k36-356 

51 57 

40 

9110 

1 29 3 

68 3 

5*2 1 

3*23 

59 

40 

•9140-9*218 

1 3.5 25-37 .3*2 

58 3.3 (d *99 

.51 50 5 

334 358 

49-56 


Oleine from Recovered Cotton Products.- -In ordtr to obtain 
products in line with the usual run of recovered oleines from othei sources 
the cotton oleines laspiiro lilteritig to ri'move st('arino. 



j Uni 11.1 KiiPT) 

Fit lERF.n. 

Spooific flnivity 

' 9010 to 9*239 

•9040 to 9051 

Fi(‘(‘ Fatty A< ids 

1 91 3 to 98 70 is (»1. ic 

80-02 to 97 29 ppi (ei)|- as oleic 

Unsapdiiili.ilili' 

J 3 to .s 7 pi 1 n lit 

1 3 73 lo 18-10 p<r onit. 

loiliiif Value 


1 104 4 

Opon Flasli . 

313 F. 

1 347 to 353' F. i 

Cold Test 

61 to 70 F. 

39 to 54 K. 

K( fiat tivo Index 

• 1 

_ 1 ... 

1-1705 to 1-1715. 


The percentage of sopoiiiliable matter is often hrought down to 70 per 
cent, or 50 per cent, befoie marketing ; this is usually done by the addition* 
of mineral oils. 

Recovered Oleines of Foreign Origin. 


Specific (Iravity 

•8977 to -9120 

lodiiK Value 

61-2 to 64-6 

Free Fatt\ Acids « 

44 12 to 62 04% 
as oleic 

Cold Test 

46 to 58' F. 

Unsapoiiitiablc 

38-71 1o 55 39% 

UiTi active Index . 

. 1-4735 to 1-4881 

Open Flash . 

. 335 to 352 F 




DRY CLEANERS RESIDUE^ 

These always’ con tain solvent and soap, and sometimes water and dirt. 

, Wficn water is jiresent, th^i water and loss of solvent may be estimated 
together by dryyig in the oven add the result reported as water and solvent, 
j Solvent ri^cs to 5*5 per cent , Dirt rises to 7^ per cent. 



HKCOVKPKD (JUEASE STEXRINES. 
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Owin^ to the prescliec of solvent the o])en fl.ish of thc,S(‘ samples is usually 
below 200" F. I’lic oil left after removing' s(jlv(Mit usually Li^ts about 7V) [)er 
cent, saponifiable. 


RECOVERED GREASE STEARINES. 

The colour of the.se stearines varies from pap('r white to flark brown. 
Average samples give : — 


Spocilic «!ia\ity '1)185 to '9701). 

0 1 isa| ionili.il ill* O'fi to 45 pr i d iil. 
lodiiii VhIui II toll in W'ool fit jiiodiuts. 
Iodine Value uses to 85 fiom ollm le- 
( 0 veil'd iirodni Is. 

.Sapoiiifi(.alion V.ilucSl 8 to 160 fouii wool 
fit jiiodu(*t*> 

Siiponiyi atinn up to 195 fioni olliei pm- 
diicts. 


Meltiiii* roiiil 105 to 160° K. fumi wool j 
fat pioduits. I 

Ml 1(1110 Point u[i to 128 fioni ollui pio 
din 1 * 1 . 

Iodine Value of (lie linsaponifi ilde 47 to 
70 fioin wool fit [uodui (s 
Mol. mill Weiolit ot Kitty AonK 260 to 
I 5 »0 lioiii wool l.it pioducts. 

! lodiiK Valui of till K.itty Ai.ids 26'2 to 
' 29‘4 fioni wool f it piodiii Is. 


The chief u.se of the ri'cnvered sti.irines is m the h.ither tr.ule. 'I'lie 
amount of stearpio from r('Co\ere(l products lli.it is good enoiiglt for the 
candle-maker is very sm.ill. 

The practice of mixing paratlin w.ix with the v.irious stearines his grown 
to vciy large dimensions during the past few yi'.irs The following tigures 
are the result of an an.dysis of such a mixture, made with the \ icw' of .irriving 
at a matLii for the sample — 


Oim.isAr. S\Mi-i.r. 


Eiec 1 * ty Acids . 

. 59 57''„ as oleii 

Ml It iiig I’oiiiL III Sainpli . 100 K. 

Uiisa[ii idlialile 

. 46 •.•1.5"., 

Molind.ii 'W'liglil ot Kitty Amis 272 

Total kSa[)uiuliabli' . 

. 53 -65% 



On lioiling out tin* uns<ipom(i.il)l(' with .leetic anhydride, 71 ])('r eent. 
of in.soluble hydrocarbon was found, having a melting [mint ol 74- F. The 
softest white scale on the market is the wax used by the m.itdi makiTs, this 
wax having a yiinimum melting [loint of It)2 hk, tiu'ivlore the hydrocarbons 
of melting [loint 74 h’. must be a mixluiv of sc.di* .nul mineral oil. This 
"gives .‘if) per eent. w'a.x and oil .idded to the original ste.irine, in which wc can 
calculate 1* I 'd [icr cent. uns.a])oniliahI(', Imally Iniding that the .stt'ariiic used 
had a melting point of 100’ F., .and was S.d'.") saponiliahle. 

» A mixture was made w'ith sm h a stc.iimc, stale, and mineral oil, which 
mixture gave similar ligurcs to the original s:im[)lo. 


WllTlK SlKAl.lMO rilOM HLAi K OlL.S. 


free Katty Acids 
Melting Point . 
Iodine Value . 

, 100 as oleic 

. 106 to 1-20' K. 

. 261 

Moliiiiliii \\ 1 iglit . . 270 to 280 

LFiisiijionili.ilde . j iiji to 13"'o 

100 TO 105 Palk Steakisk krom Hi.ack Oils. 

S]iecific Ciavity 
Flee Katty Acids 
Unsapoiiilialde • 
Melting Point 
fcdine Value 

.,•9185 

80 to 91% as oleic 
. 13-42 to 20 69"., 

. 99 to 108“ K. 

.* .‘12-9tn3t8 

Iodine V.ilue of Uiis.ijiom- 

tiiihli .... •47’2to498 

Iodine Value of K.illy AcuK 26 2 to 29-4 
Moleeul.il Wught ot Katty * ' • 

4ei.K . . . 266 to 274 • 

Milting Point o( Kilty ids 1 OS to 199 K, 

* $ 


• g 

• • 

• 
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110 TO 112 PaT.K Sl'KAUINK. ( 


Siiecific Gravity . 

9265 

Iodine Value . . , 2C'8to31'4 

Free Faify Ai ids. 

. 74 to 79%.is(ih>K 

Moleeiil II Wi'ight of Falty 

UiKsajioriiliahlc . 
Melting i'oint 

20 to 27% 

. 108 in 113 ’ F. 

Acids ... 


Ofi ro 10r> SiKAKiM riioM VoKKsunir Crkasks. 


Fits' Fatty Acids . 

. 73 to 79% as oleic 

Iodine Valin- 

. ‘24'4to38'9 

tJnsapoiiitiahle 

. 20 to 28"/, 

Molecuhir Weight o 

( Falty 

Melting I’oint 

. 95 to 103" F. 

Acids 

. 288 to 290 


Yellow Stearines from Yorkshire Greases.—Thosc vary tl)e 
raw material fnmi which they are ohl.iiiKRl and the season ot the year at wliich 
they are made, wliich lias a considerable inlliicnci* on the meltin^f point of 
the stearine. 


Sjiocilic Gravity . . 9300 | Melting Point . . 108 to 125 K, 

Kn‘e Fatty Acnis . 58 to 66"o as oleic 1 Iodine Value , , , 31 '8 to 40'1 

Unsapouifialde . . 19lo31‘’„ | Molecnl ir Weight . . 274 10 330 


I1oi-im:i>ski> Yellow Si’ealini'. 


Hpecific Giavity . . '9700 lliisaponifiahh* . . . 32 to 35"{, 

Flee Fatty A( ids . 45 to 49";, as oUic Melting Point . . . 130 to 145 F. 


(JiioLn.sjKuiNK Wax. 

Rkinsii, 

Flench. 

Gehman 

Fiec Fatty Acids 

Unsi])onifial)](* 

Melting Point 

Iodine Value 

19'4 to 44-4 

129 to 150^ F. 

34 *4 to 37 5 

46*5 to 46-8 
45-5 

129^)130“!'’ 
411 1 

♦ 43*7 to 45 8 

l29to"i35°F. ' 


Co 1 TON Si KA hikes. 


Unsaponifiable .... 0'75 to 1C";, 

Melting Point . . 9C to 127'^ F. 1 

Molecular Weight . . . 291 


Stearines derived from wool fat may be distiiif^uished from those of any 
other origin by dissolving in petrol-ether, 'Gl specific gravity, wairming, if 
necessary, after cooling ; if wool fat products are present, solid acids of liigh 
melting. point wall separate np to IGO" V. melting poinA. 

^ / EMULSIONS AND EMULSION OILS. 

' These are perhaps best cla^ssod together, for the oiily difference between 
therif is the varirftion in the percentage of water they contain. 



emttlstons and emulsion oils. 


K)5 

Tho ubual coriHtituints nrc ; water, oils or ^o'eases of vciy \arie(l ori^;in, 
hard or soft soaps, aniuionia, ])lienoI, slcarauiide, and evtiaef^ usually ol a 
gelatinous iiatin'(', sueh as liish moss, etc. lii addition to the abi)\(', tlu' 
emulsion oils m,iy eoutain up to h per cent, of alcohol. 

It is advisable to make a ])i-eliminary examination by heating a few 
culiie centiuK'tres of the samjih! -wbothm- an emulsion or an ('mulsion oil — 
in a test-tube, wlu'ii both ammonia and alcohol if present wall be di'teet('d 
by the smell. 

Another portion should be lioilcd in a lest tube with stiong hydrochloric 
acid iintd the fatty la_>(‘r on the top is <piit(' (dear, if phenol is juesent it wall 
also be detc(_ted by the snudl, and any sulphonated oil will be decompi'ised : 
then if the .iciJ layer is jiipetted oil, diluted with water, and barium ( hloi'ide 
solution added, a wdiitc [ireeipitato of barium sul|)hal(; will nidi(.ate preseiua' 
of sLilphopatcd oils of some di'seription. 

A furtheu’ s.imple is boih'd until all the ammonia if present is boih'il oil’, 
then eaustu soda is added, and the contents of tin' tube again boiled , if 
ammonia is again given ofl, the presence of ste<iramide is piov<‘d. 

The following will be found to be a fairly gemu’.d nu'thod of examination - 

Alcohol.— Talw' 20 to .30 gramnu's ol the sample and mix with its own 
weight of w'ater in .i 300 e.c. Mask, then distil oil three-foiiiths of th(‘ total ; 
tlu' speeille gra\ ity of tho distillati' is Laken in .i specific graxity liotth' at 
00“ F., and tho alcohol eonO'iit c.dmilated Irom the density tables. 

Water. Weigh oui ateuraOdy into a beak(‘r containing a glass rod 
about 10 giainmes of the sample, <ind dry in the wat(u oven until the loss 
does not e.xcci'd 2 milligrammes [ler hour, when calculating out the water, 
any ale d'ol, ammonia, or both if present, must be deducted from tho loss 
of w'eiglu .III drying in older to obtain the < orrect iierceiitage of wati'r. 

Ammonia. — den grammes'’ of tho sample aie weigluMl into a flask, diluted 
with 100 e.c. of water, and excess of caustic potash addeil ; the Hask is 
connected wilh a steam generator and a liulb ic'ceixer eontiining 20 c.e. 
of N/2 hydrochloiic acid, then distil oil thiei'-fourths of the whole ; the acid 
ill the receiver is titrated back, and the .imouiit of ammonia calculated. 

Total Alkaii. — The emulsion oils veiy often ( on tain soap, either add('d 
as such, or formed dining the making of the oil ; they an* .dso often cleared 
wi*th ammoiiu at the end of tho process ; the (|ue.stion whidi alkali was used 
for the .soap i.s best anawered by the pocket sp(‘ctto.seope. 

About 10 grammes of the .sam[>le are w eighed into a dish, diluted with 
about 100 c.c. of water, and titrated with N/2 hydiochlonc acid, using methyl 
orange as indii-ator ; in order to obtain the potash or soda, any ammonia 
pre.sent must be deducted. 

Oil. — The residue left in the beaker from the water estimation is lu'xt 
extracted with ether (if exact results are re(piir('d the (dher must be dry 
and alcohol free). The ether is filtered into a weighed fat llvisk, takijig can' 
that as little as possible of the insoluble portion is allowed to get on to the 
tiltcr. W hen the residue (if any) on the tilter is fat fn'c, and the Filter wa.shed 
with ether until Lit free, tho filter i.s kept on one side for the soap estimation 
which follows. Tho ether filtrate is distilled olf, and the oil in the flask diied 
in the ov('n, cooled, and waughi'd. The oil in the Hask is used for tlfe analysis 
of the oil. * * ^ 

Soap.— The residiui in tlie beaker i.s boilpd out with ah.solutc alJohok 
at least four tinie.s, or more if soda .soaps’ are present, ai^d the alcohol 
filtered through the filter put aside from the oil estimation ; tITe liltrate is 
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colli'otcd ill a weif^liod llaak, the alc/iliol «listillcd o(R and tlio residual soap 
dried in tlie loven, cooled in a desiccator, an<l weighed, the soap being 
put aside for further examination. 

When .uumonia is the only alkali prestuil it is all driven off during the 
drying of tlie samph*, and of course leaves behind its C(|ulvalent amount of 
free fatty acids, which must be deducted from the amount of free fatty acid 
found on titrating the oil separ.ited from tlu' sample. 

If any residue in.solubh' in alcohol is found it is usually Irish moss extract, 
which IS soluble in water, dilute acids, .ind alkalis. 

In the highest class of emulsions the saponifiable matter is often olive oil, 
either pure or adulterated, and from this the oil ranges down to recovered 
greases in the case of emulsions for batc-hing jute. In many lower-class 
(‘uiulsions the amount of mineral oil ])rcsent is up to 75 jier cent, of the total 
oil ui tlu' sampli', d’la se large variations rctpure a fairly comph'te analysis of 
the oil if tkc figures are to Ix' of any use in matching the sanijilo. If the 
examination ! ■• carried out on Ihe lines given in section under “CluMnical 
bjxamination,’' there slioukl not be much dillicnlty in obtamini; the neei'ssary 
in formation. 

Phenol is only a very lare constituent, although lit has very goo<l 
emulsifying power. 

SOAPS. 

The analysis of soap has been fully treated so often that there is no need, 
to take uj) any s[)aoe with this ; below are a few res/ilts of special classes. 

Brown American Cotton Soaps.—Thesc are made from cotton foots, 
and are in extensive use in the textile trade. The foots used always contain 
non-fatty matter, and in sonic cases ri'sin is added to the foots. 

ff’hese foots contain unsaponifiable matter uji to 5 pm' cent., and the non- 
fats rise to 0 per cent. 

The percentage of fatty acids in these soajis varies from fiH to 75 per cent. 

Many of thchc cotton soaps contain both free fatty acids and free alkali 
at the same time, which show.s very careless manufacture. 

A sample of the stock from which these brown cotton soajis are made 
yielded 70 per (>cnt. of fat tit for soap making; this fat hontained 55 per 
cent, of free fatty acids. . 

Liquid Soluble Soaps. — d’hese were originally made fro-m castor oil, 
but latterly have been imule from mixtures of various oils and resin, and 
also from cocoanut oil. , 

Some samples are almost neutral, and others contain a large excess of 
alkali. 

The original liipiid soaps were from castor oil, and contained 15 per cent, 
of fatty acids ; the samples from rosin mixtures usually contain 2 to 3 per 
cent, more fatty, acids ; in ordm- to obtain a similar consistence, the cocoanut 
oil samples may contain up to 35 per cent, of fatty acids. 

The analysis of tliese samjiles is carried out as described under Kmulsions. 

BROWN WOOL OILS. 

These' are usually mixtures of recovered wool grease and mineral oil, 
but conta^ sometimes a eertaiii pereentage of fish oil, recovered grease oleine, 
.resin. Their specific gravity varies from '900 to 925, and the saponifiable 
matter varies fyom 4 to 50 per'cent., with a iisnaj run of from 20 to 30 per 
cent, sapoiifnable ij^atter, ^ 



r.llOWN WOOL OIT.S. 


107 


Water is always [)t-cscnt, varying from 1 lo TJ per oont. A Iru’t', of 
potassium carbonate usually accompanying a water pcrcentagvj of 5 or over, 
this potash is easily detected with the pocket spectroscope. 

Water can only be detmanined with accuracy by distillation with xylol, 
but simple driving olT over an Arg.ind burner is useful as a works check. 

Free Fatty Acids may bo determined by titration on oh'ic acid, but 
gravimetric estimation is ag.iin the only accurate method. 

Saponifiable Matter. — The mineral oil used in these' brown oils is 
often of low (Quality, and so volatile that one must di'termine the saponiliable 
din'ct instead of the unsaponifiable, in the sanu' v\ay as the extracted black 
oils. 

PITCH. 

From .distillation of f.itty acids, wool grease, and other recovered fats. 
These })itches are commercially divided into three classes, hard, nuMlinm, and 
soft, w Inch terms have r(ifcrence to the melting jioint of the sam[)le , but in 
some eases it is a diUlcult matter to decide to which class a given sample 
belongs, and up to the present, unlike the coal tar jiitclu'S, no limits have 
yet been tixed. • 

'Pile solubility of these pitches in the usual solvents is very variable, 
particularly in the case of the fatty acid pitches, so much so, that one sample 
of pitch from a given fatty acul is almost entirely soluble in a solvent that 
’will not dissolve 5 per ceii.. of another sample from the same tatty acids ; this 
solubility, or lack of .solubility, depends on the point at which the distillation 
was stopped. The presence of a greater or less amount of albuminous 
matter ’u the kitty acids distilled has a very great ellect on the jiroperties of 
the pitcli left behind on distillation. 

The analysis of these pitches is still in a very rudimentary state, and, with 
the exception of a certain amount of work done in (lormany on wool grease 
pitches, th(' published information is almost nil. 

Specific Gravity. — A bit of the sample is dropjx'd into a dish of water, 
ill which it will sink or float according to its spi'cific gravity. 

If the sam[)lc»sinUs to the bottom, a [lea-si/ed piece is placc<l in a mixture 
•of alcohol and w^atcr, varying the amounts of ahohol and wab'r until the 
sainple neitlipr sinks to the bottom nor llo.its on the top, but swims about in 
suspension, care being taken to frei' the sample from air-bubbles ; the specific 
gravity of the alcohol is then taken in the specific gravity bottle in the usual 
vv’ay, the result being the specitic gravity of the sample taken. 

If the sample floats on the water in the dish, a piece of the sample the 
si/o of a pea is placed in a beaker of water, and common salt solution added 
until the sample remains suspended, when the specific gravity is taken as 
before. 

Volatile Matter. — Weigh as near as possible 3 gramm'es of the^ sample 
into a platinum dish and heat over a Bunsen burner until the contents of the 
dish cease fuming, cool, and weigh; the loss of weight gives the volatile 
matter. In order to obtain comparable results it is essential that similar 
weights be taken and tl^e heating be as rapid as possible, otherwise widely 
different results will bo obtained from the same sample on repeating^. 

Ash. — Continue heating the residue from the volatile matter nptil aU the 
carbonaceous matter is burned away, cool, and vjeigh. * 

Free Fatty Acids. — The presence of free fatty acids in :|11 ^libdies from 
the distillation of fattx^ acids, whether pure or recovered, gives us the most 
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nij^id means of distinctAon bot\\een these pitches a(id the pilches from the 
distillation of mineral oils. 

dAie acidity of f.itty .icids and lecovored ^re.isc [titclics is never below, and 
only in vei'y rare cmscs falls as low .is, 1 })or cent, as oleic acid, and, on the 
other liand, the acidity of mineral oil pilches is .always below O'b per cent. 

The acidity is detei mined in the usual way hy dissolving 2 grammes of 
the sanqile in a mixture of hot motor spirit ami alcohol. In the case of 
some fatty acid pitches solution is very slow, and considerable patience 
is reipiired alonjj^ with mm h shakinji;; 1 he solution is then titr.ited with i\/2 
potash and phenolphth.dcin. 

Saponifiable Matter. — The following is the only method applicable to 
all samples, and h.is stood the test of regul.ir works use 

About 2 grammes of the s.imple are weighed into a 300 c.c. flask and 
s.aponified with 23 e.c. alcoholic [lobish ; after s.iponification the »(lask and 
contents ai * cooled under the t.ip, and the soap solution filtered into a 
separator; the residue is saponified in the s.uuo w.iy twice more, cooling and 
filtering through the s.inie p.iper cai h tune ; the filtei is then waslied well with 
alcoholic potash, allowing the w.ashings to run into the separator. The soap 
solution and washings are now diluted with .30 c.c. of Wfder, <ind the whole 
shaken out with petrol, .ind tlie petrol washed in the usual wavy. Shaking 
out and washing of the tictrol is continued until the petrol extract remains 
colourless. The petrol extracts c.ui be run into a weighed Jlask, the petrol 
distilled oft, and the residu.al unsaponifiablo matter dried and weighed if 
re(piircd ; but as there is generally more or less insoluble residue from the 
b.iponification, the result does not appear to have much value. The soap 
solution is evajiorated down on the steam bath until alcohol free, the 
w.ishings arc then added, and the whole deeomjiosed with acid, boiled until 
the fatty layer is quite cle.ir, cooled under the tap, poured into a separator, 
and shaken out with ether meth. ; after scp.iration has taken place the 
acid layer is run o'l, and the ctluir w.ashed with water until acid free; the 
ether extr, action of the soap solution is rcpe.ated, the two ether extracts 
united in a weighed fl.isk, the other distilhal oil', and the residual fatty acids 
dried in the oven, cooled, and weighed; the fl.isk containin^the fatty acids is 
put -isidc for further examination il rcipiired, 

German Customs Method. — This is only applicahle to, wool grease 
pitch. 

Two grammes of the sample arc wcigliod into a fl.isk and dissolved in 
.50 c.c. of ether, the solution is then precipitated with .50 e.c. of ahsolnlc 
alcoliol. 

The flask and eonteiits are allowed to st.iiid overnight, filtered through a 
-double filter, and the filter washed cle.in with alcohol-ethcr mixture (1 to 1 
by volume). The filtrate and washings arc then sajionificd by boiling with 
.30 c.c. yf N/1 alcoholic potash for one .ind a h.ilf hours under reflux, cooled, 
and shaken out four times with jietrol to remove unsaponifiahle matter, the 
soap .solution cx.apor.rted on tlie steam hath until alcohol free, the soap 
dissolved up in the washings, the solution decomposed with acid, shaken out 
twice ^with ether, the ether washed with w'.ater nytil acid free, run into a 
weighed llask, the ether distilled off, and the saponifiable matter in the flask 
dried in tlje oven, cooled, and weighed. ' 

^ A sample of wool greasq pitch gave 12-.5‘.) jier c«iit. saponifiable by first 
mathod. The jiame sample gave*'! 1*‘J5 per cent, saponifiable by second method. 

To see v^iethejj the alcohol-ether method had left any saponifiable matter 
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in the re&idue this w.is <jisbo] vcd up in ciirbon disidpludc, 'Jh c c. ot alcoholic 
potash added, and left to stand for twenty-four hours, with occasion d shakilujj, 
after whii;h tune it was treated like tlie alcohol ether tiltrate. The 
saponifiable matter extracted from the residue was O'fio p('r cent , .md 11-1)5 
plus 0'G5 equals I2d)0 per cent , a result which is in close agreement with 
that of tlic method first dcscj’ibed. 

A sample of cotton pitch gave 1:1‘18 per emit. sa])onilial)le by first method, 
ddie same sample gave 7'17 ])er cent, saponifiable by second method, 
and with some s<imples of fatty acid pitch the dillerenec would be much 
greater. 

Melting Point. — This varies from 80 to 180“ F. The open capillary 
and the Kraemer-Sarnow' methods arc the only ones of any use, and ('ven 
then, with some fatty acid ])itches, neither may be a[)[)licable. 

Iodine Value.— \Vool grease and mineial oil })itches arc completely 
soluble iiu'chloroform, and so give no trouble; but many fatty acid pitches and 
cotton pit<;]i('s <ire only slightly soluble in most solvents, and in such cases it 
is not possible to determine the iodine value at <dl. The following h.tve bei'ii 
tried in the attempt to liinl a solvent for these pitches; acetone, ]tyndine, 
chloroform, ether, carbon disulphide, carbon tetrachloride, absolute alcohol, 
amyl alcoliol, gl.iciaT .icetic acid, ben/ol, xylol, acetic anhydride, petrol-ether, 
parallin, ethyl acetate, turpentine, trichlorethylcnc, perchlorcthylcne, tetra 
chlorcthane, [leiitachlorethane. 

. Detection of Mineral Oil Pitch in Fatty Pitches.— The following 
method has been given b^" the (lerm.in customs for the deti'ction of mmeral 
oil pitch ill fatty pitches, but although the niethoil is gi\en for fatty pitches 
generally, the fact th.itthe method lequiri'sthe sample to be soluble in bcn/ol 
makes ilus method only appiieahh' to wool gri'ase pitches 

The Mereurie Jironudc yVs/. --The sulphur compounds m asphaltuin and 
• mineral oils gi\e witli mereiirie bromidt* double salts wbitfii <ire soluble in 
warm chlorolurm oi- ben/.ol. The sulphur compounds in fatty [)itchcs rise 
from impurities or from the use of sulphurie acid after autoclaving, and 
yield no double salts with mercinie hroinido. 

Dissolve 10 grammes of pitch in 250 c e. of hen/ol, warming if ni'Cessaiy, 
cool, and add 30 cT.c. of alcoliolic potash (to remove the fatty acids contained 
tn .the sample), shake, and then dihiU' wuth 200 e.c. of 06 per emit, alcohol. 
After standing for .i short time the alcohol solution, whieli must still bo 
alkaline, is poured off, and the pitchy residue in the llask washed once with 
alcohol, and dried until alcohol free. Aftm- this prtqiaration the residual 
pilch in the flask is dissolved in 100 c.c of ether, warming if necessary. 3'he 
residue will he found to be much more soluble than the original pitch, due to 
the removal of the fatty acids, and a few jacces of ignited c.vlcium cldoridc 
are added to remove water ; when all is dissolved, or at least finely divifled, 
allow to settle, and filter through a folded filter; the filtrate ip collected in a 
boiling tube ; to this add 20 c c. of mercuric bromide solution (5 gratmnes of 
mercuric bromide in 250 c.c. of ether), and allow the tube to stand overnight. 
The precipitate, if any, is filtered ofi .ind w'ashed with ether, and then 
dissolved off the filter with warm ben/ol. Any separated bromide is left on 
the filter nndtssolved. After evaporating oil the hcn/ol the doulile iralt is 
loft as a dark brown to black brittle mass. In order to prove that a double 
salt has actually been formed, ])our .i few cubic centimetres of >iitricjacid 
over the mass, and after the action h.is snhsi(^Hl*e\apoiate on the waiter balh,^ 
take up the residue with water, and test the aqueous solution f^r sulphul’ic 
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acid with barium chlorido, silver nitrate for bromine, and ammonia and 
auimonimn sulphide for mercury. 'J’his process is sai^J to bo able to detect 20 
per cent, of mineral oil pitch in a mixture. 

Free Carbon in Pitches. — I^’rec carbon is only found in pitches that 
have been driven nearly down to coke, or have been heated after leaving the 
still, and consequently is but rarely found. Therefore it need only be looked 
for when a pitch sample is sufficiently brittle to crumble up when rubbed 
between the linger and thumb. 

Esfimation. — Weigh 3 to 5 grammes of the s.imple into a flask and extract 
with pure CS^ until nothing further dissolves; when this point is reached, the 
carbon disulphide will rcm.iiu quite colourless ; the carbon disulphide solution 
is filtered through a dried and weuihod liltcr paper, and the filter washed with 
e.irbon disulphide until clean. The filter is then dried and weighed. The 
residue on the filter consists of any free carbon present and the whole of the 
asli in the sample. The residue is ignited and the ash \\eighed. * Then the 
weight of the carbon disnlpliide residue minus the ash loft on ignition gives 
the free carbon in the weight of the sample taken. 

Avalymcal Fioinu'S, Wool Uiu'A.sk I’lnii. 

S[i< ity, from 0 97 ti> <)\( I 1. S ipoiiili ibli imithi, tiom 7"„ in ImkI 

Milting Point, from 90 to lOo K. siiii|il(s to .JO",, m vfiy soil sini|iUs. 

Voldtilo iiulUi, to ^\ltll 75% as^a Iodine Value, 35 to 15; the sofln tin 
fan .ivcrage. sanqile, llieliiglni tin lodmi* v.ilue. , 

Ash, 0 5 to 5'5"o, Moll nil u W'^^igUt of Noinial Fatty Acids 

Kiet; Fatty Acids, 0 75 to 15';{, as oleic, villi ihniu 440. 

6'/o a Ian averagt . ' (Jxidisi d A< ids, up to 25%. 


Solnbh 111 ( ai bon disulplndt uid i Idninfm m uitb tin i xci plmii of the ash. 


A (lerman sample gave the following lignri's 


Spccifu, (Iravity . 9787 Fiee Fatty Auds* 10 92"„ as oleic 

Volatib . . 79 33 ;,, ■ Tot.il S.ipoiufi ible '' Iti 99'\, 

Asli . 171% I 


The sipomti ilib Lontane 

76 89^;„ Noinial 1* itLy Auds, moksadar wuglit 439. 
23 21'';, ovidlst d Fatty Adds. 


CoiroN Piieu. 


S|)ecitk! fliavity,^Ubiially 1 oi ovci. 

Voliitife Til ittei, G9 to 75';[j. 

Ash, 2 11 to 4-5'% 

Free Fatty Acids, 0'7 to 9%. 

Sajioiiiliable iiiattei, 12 to SO'X, ; tin softi r 
the sample, the Ingliei tin. sapoiiiliabk. 

* *■ 

Siiljtbiir, about 1";„ 

Melting Point, veiy v.uiable. 
lodim, V.ilue, in most cast a no solvent can 
bn found. 

^ 

«9t'5 tft 97% soluble ill caiboii disulpliidi 
per c< lit. o.ily,,iii the so 

in tlie case ot otdinaiy s.unples, to a tew 
i-eallod nibbei [ntclie.s. 


A 



PITCH. 


Ill 


Kaiiy Ann I’lini. 


SjxoifiG Giavity, usually 1 oi ovi*i. 

Vol.iUle inailci, 70 to 80 jx-r crut. 

Abli, up to 7 ]H'r cont , varyitif' with tin caie taken in dec oniptism^^ the fatty acids 
Free Fully Acids, 5 6 to 45 pi i‘ cent. ; tin genual lulc is, the lii<flier tlie Im fatty atuk 
the softer the sample, hut theie aie except ion.s. For example 
Sotter sani))]e, 18'19 pel eeiit flee fatly acnls. 

J larder s.iniple, 29'11 per cent, free fatty acids 
Sapoiiitiuhh matter, 15 to90]Ma i.eiit ; thcsoftei thesamph, tin higln i the sapomliahh . 
Iodine Valin, (like the cotton jnich) in most tasi s, no soIm nl can lx toiind. 


A more eomplotu analysis of a sample of soft fatty acnl pitch gave .■ 


Spccitic Giavity, 1*0106 at 60" F. 

The Fatty Acids of tins samjde coii tamed — 

Fko Fatty Acids, 18*19% as oleic. 

Normal Fatty Aeids, 0‘2‘10"b moleeul.ii 

SajHUutiabh matter, 89*33%. 

xveiglit 359. 

TJiisaponiSablo matter, 

Insoluble in alcoholic j>otisb, 4*60';{, by 

Oxidised Auds, 38*06“;,, moln iihr 

weight .181. 

diffeionce. 



Mineral Oil Pitch. — All mineral oil ])itches contain a certain amount 
of solid hydrocarbons, which may he ('stimated hy Uich.irdson’s method as 
follows: — Five grammes of the sam[)le are weighed into a Ikisk and shaken 
with 100 e.c. of ])otrol ether O'GI s)). i;r. and let stand ovirniglit , the solution 
is tlien filtered into a separator, .md the filter washed witli petrol-ether until 
'clean. The filtrate and washings in the sepal ator are sh.iken out witli con- 
centrated siil})huric aeid, using 0 e.c. each time until the acid remains colour- 
loss ; nsiially about twidvo treatments with acid .ire reipiired. The petrol i.iyer 
is nex> washed with water until acid free, the [letrol run into a weiglusi ll.isk, 
the pei'nl distill('(l oil', and the residiu; dried and weighed. In a p.irticiilar 
case this ri'sidue was 5 per cent., .and was quiti' soft. 'I'he residue i.s dissohed 
in alcoliol ether ( 1 to 1 by volume) and let stand at 32’ F. to se]).ir.ite the 
|)ar!ifhn. The par.iHinis filtered ofl'and washed with tlie .deohol-ether mixture, 
dried and weighed. In the sample taken the hard par.iflin amounted to 
1 'OG per cent, tjii the original pitch. 

AIinkuai, On, Piicii, 

Melt mg rduit — I htlu I soluble, 70 to 80'2, I 

Russian soft, 109 F. Kmemei & Saiiiow' Oeiizctl stdiibb , .ibout 90"u 
,, mciliuiii, 1.56 ,, ,, ,, I lodim Vuluu 

,, Imid, 178,, ,, ,, I Ameiicau 130 F M.P., 31-2 Kaiusas 

'Volatile matter, 85 to 92'’o | ,, 180 ,, M.P., 127 Piiiii^vlvaiiia 

Asli, generally below 0*1“/', i Russian 150 ,, M, l\,56 1 

Ficc Fatty Acids, alway.s below 0’5“„ as oliie j 


MINERAL OILS 

Leaving out the light spirit and lamp oils, the chief varieties aun' origins 
are : — 

icd oiks. 

spindle oil 895 to residuum 985. 

^mineral colza to residuum 935. 

915 spindle to residuum 935 to 950. 

886 ,, ,, 935 to 945 

\ 885 ,, ,, 910 to 912 from kerosene? * 

^ ,, ,, ,930 to 935 ,, lubiicatmg oil. 

hum mineral colza to 905 lubucating oil. ,< ^ 


American, Kansas . 

,, Mexican 

,, Pennsylvania 

,, Texas . 

Roumanian .' 

Russian . . , . 

Scotch . , . . 
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Appearance.— All Jj;rades, even when the colour is black, should be 
quite clear and bright. Tlie chief caiise of turbidity is the presence of a 
Binall amount bf water; if more than O' I per cent, of water is present, small 
bubbles of water can be seen in the sample if the oil is examined with a good 
pocket lens; on heating a few cubic centimetres of the oil in a test-tube until 
no more bubbles rise, tlic oil will remain bright on cooling if the turbidity 
was due to water 

Turbidity due to insulheient washing after the soda treatment during 
refining. Five c.c. of the sample is boiled with 5 c.c. of water in a test-tube 
and put aside to settle out again. If the a()ueous layer is milky after separat- 
ing, the oil has not been properly washed ; this fault is, with the exception of 
Scotch, (jalician, and heavy Texas oils, not often met with at tlie present time. 

Colour. — This can usually be judged quite near enough with the eye, 
and is only of importance in tlie case of white and balf-wliitc oils. White 
oils should be as colourless as distilled water, and([uite free from lluorescenoc ; 
a sam[)lo showing any colour is to bo (dassed as off-colour, but of course what 
is off-colour for a white oil would bo described as a good h.ilf-w'hite oil, 

When the colour is darker than usual for a given grade of oil, it is 
generally caused by the refiner heating the oil and blow'ing air through until 
the oil is dry and clear ; this is sometimes doi.i' after the soda treatment 
instead of the usual water w’ashing ; during the blowung the soda compounds 
present go into soluiion in the oil, which is left (juite clear but tlarker in 
colour than would be the case if the oil h.id been projicrly washed ; the amount, 
of ash in such samples is always higher th.ui usual." In the refining of Texas 
oils such persistent emulsions arc formed during the soda treatment that it is 
almost a commercial impossibility to separ.ite them, ,ind in such cases the only 
method open to the refiner is the heating and air blowing described above. 

When oil turns darker on keeping, which occuis chiefly wuth Scotch oils 
an<l the lighter (Salician oils, it is due to insulheient soda treatment; on 
w'arming such oils wuth c.iustic soda solution a si'paration of more or less soda 
tar will take jilace. 

Smell. — (food qualities of both .\mcrican and Uussian oils have the least 
smell, and tlie lighter Scotch, (ralician, and Roumani.in oils the most. Crude, 
fuel, grease-making oils, and residuum arc usually strong id smell, the chief 
exception being the Russian residuum from the kerosene stills. 


S})f'(ali(’ th\u ily . - | Atm iic,ui i(‘si(limiii 

Aineiic.iit ttiid distilled <ali— j ( dilit laii itliiK d 

Kans<is .... u|> to '926 ,, black. 

Mexican . . . u]) to 92U Roumanian residuum 

Pennsylvania , . to '926 | Russian rclincd 

Texas .... to ’950 j ,, nsidunm . 

American crude and tml oils to ’950 


. to '980 j 
lo 919, 

. lo '945 I 
. to 950 j 

. to -917 I 
. to -930 1 


For a given specific gravity Scotch .lud < lalician oils have the lowest viscosity, 
American are intermediate, and Russian oil^ have the highest viscosity. 

Refractive Index. —This is of considerable importance, as, with the 
exception of tlie spccihc gravity, the refr.ictive iiulex is the only additive 
figure we possess. 

Optical Activity. — Mineral oils from all sources are optically active, 
k'ut as the rotation is so small 9 it is of no commercial ‘interest ; still it tlirows 
some liglit og filie question of origin. 

H , 
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Vapourising’ Point.— The temperature .it which tlie oil when heated 
in an open vessel first p,tves olF visible vapour. Thi.s temperature Ls j^enerally 
from I’JO to 180° F. below tiie open ll.ish point of the sample. 

Open Flash Point . — The temperature at whicli the lirst blue llame 
runs eomplctcly round the dish. 

Fire Point . — The temperature at which the oil in the dish will continue 
to burn when the Hash liglit is Liken away. 

Coke in Mineral Oils. — Determined by heating i to 5 gi-ammcs ot 
the oil in a platinum dish with a luminous Argand flame until the residue 
does not fume any more. The residue is then cooled and \seighed. 

If concordant results are to be olit.aincd, it is essenti.al th.at nearly the 
same quantity be taken I'acli time, and that the heating bo carried out as 
rapidly as can be done without .illowing the oil to boil .and spit 

Faigler st.ates th.it the coke in distilled oils should not exceed .‘5 per cent., 
and in rehned oils should not be above 7 per c«'nt., but he gives no limits for 
filtered .ind dark cylinder oils. 


Oil. 


PkKCKN I ACIC OK (a>KK 


Seetcli, 885 oil 
AiiKiic.ili, 86.5 ]).ilo 
885 

,, 

,, 000/907 ,, ’ 

M 912/91.5 ,, 

. 912/915 nd 

, Texas, 9 10/94.5 H'd 

Uussi.i 895 
,, 907 

AiiU'iicaii dark eyluid'i oils . 

,, lilton'd cDnidei oils, IIukI 
,, „ ,, solid 

Whitf ( ’« ii'siu 
M Tctrol jolly 
Yellow I'etiol jolly 
,, IVtiolatui" 


111 view .of the general .iddition of .i sm.dl perceiit.ige of fatty oils to 
mineral oil intended for the lubrication of intm'ual combustion engines the 
ellect of this .addition on the coke is interesting. The elle<‘t is to lower the 
.iiiiount of coke formed, and presumably to low'er the amount of carbonising 
in the (lylinder of the engine. 

A gas engine oil containing o jier cent, of f.itty oil gave I Do per cent, 
coke, 'riic same oil without the fatty oil g.i\e 7 jier cent, ol coke. 

Ash in Mineral Oils. — -Be.st determimd by igniting the residue fioin 
the coki! estimation. 


2 29 
2 22 

3 30 
1 85 

5 90 

6 33 

.5 41 to 6 32 
5 16 
1 07 
0 81 

4 72 to 15 30 
10-23 to 10 89 

5 29 to 10-89 
I-IO 

3 18 

3 82 to :> 91 

7 15 to 11 13 


Oil. 

l’KKeKM’A<;K OK Asii. 

Aini’i ir.iii, 886 spindle . 

0 12 

,, Tex, IS, 93.5/940 

0*22 lo'O 24 

,, daik ey liiidor oils 

1 Dices tu'O 27 ^ 

White Ctiesiii . . r ' 

tiaees 


8 , 
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Resin in Mineral Oils.— do nol occur in mineral oils at present 
on rtic market with ilie eveeption of the Texas oils of High specific gravity. 

Five gramihes of the oil are weighed into a flask, and 25 c.c. of N/1 
alcohol le potash added, the mixture boiled under reflux for thirty minutes. 
The unchanged oil is shaken out A\ith petrol three times, the alcohol solution 
and washings di'composcd wifli acid and shaken out in a separator with 
ether rneth. twice, the ether washed with water until acid free, run into a 
weighed flask, the ether distilled ofl‘, and the residue dried in the oven and 
weighed. Two sam})los ol red Texas oils gave 2'1.‘1 ])er cent, and I'Gfl per 
cent. ; the resins were in both cases solid hut tacky, and were not further 
examined. 


lojusr, Vai.uis 


American imiaM 111 (I >l/x . '.ia'i to 8 0 Auictioiiii liiglicoM (-fsgiiltnul 


8Gf» ]uli mill ml . 

8-8 lo 11 2 

cyliudei , 

6-9 to 10 3 

.sSf) [ ' 890 iieuti il 

12-1 

,, daik lylindi'i oils 

11-3 to 17 -7 

880/88.^1 p.ilc. 

10 1 

,, low Hash blaek 


8,S.G/890 „ . 

15-5 It) 18-1 

muii'ialoils 

13-1 to 19 ’3 

8D.G 

(>•7 

(i.ilu lull 885 [lale. 

13 '2 

900/907 ,, 

9-7 to 1 1 -7 

,, 8i»5 ,, 

10 4 

90.G 

8-.1 to IM 

,, 905 ,, 

6'1 

912/91.'-. ,, 

7-9 1..8-5 

,, 915 ,, 

8 9 

led 91-2/9ir. 

10 7 to 1.'. 5 

Koiiiiiaiiiaii lesidmuii 

17 8 

, , 925 

22 1 

Kus>siiiii 895 puli' . 

2 6 to 3-0 

Texas, ])al( 92.''. . 

9 3 

,, 907 .» . 

;5'0 to 8 5 

,, lid 930/935 

12- 1 

,, 912/915 1 N liii'li 1 

10 0 

,, „ 940/915 

12 9 

,, 910/912 n sidimiii 

6 9 

lowci.lii t.'st, liltcn il 


Scotch 865 . 

41-6 

riliiidii . 

8-8 to 13 .i 

,, 885 . 

20 2 


The loiliiit; \ ilin of thi sc d »ik cylinder oils rises with the spcLitii iiriavily. 


The nitration <uid formoliti' procissses which iollow W(‘re brought forward 
some time ago, and an* gueii here heeausc thert; does not seem to have been 
many attempts made .it coiilirmation or otherwise. The nitr.vtioii process 
the writer has not li.id tiu' opportunity to try, but has nftxde a few deter- 
minations witli the formohto process 

Nitration. — Ten e.e. of the samjilo ,ire dissolved in 10 of liglit 
petrol, and the solution added dro]) by drop to flO e.c. of fuming nitric acid 
(sp. gr. 1‘52) coolc<l to 10“ C ; the .'uldition of the solution must take thirty 
minutes. The tempeiMtnre of - 10' (k is hi'st kept by immersing the vessel 
in a 15 per cent, salt solution, which is cooled witli ice and salt. After the 
solution i.s all drojiped in, 50 e.c. of cooled ordinary nitric acid is added, and 
the mixture poured into a separator, fl’ho acid layer is run on to ice, when 
the nitration products de])osit as a yellow iirccipitate; this is filtered ofl’, washed 
free fnvn acid, and dried at l.iboratory temperature. The petrol layer con- 
tains ])araflins, naphthenes, and polynaplithenes, and is washed with water and 
then wdth alkali until acid free, and again with water until neutral ; the petrol 
is run into a weighed flask, the jictrol distilled off, and the residue dried 
and wx*ighed. There is alw'ays a slight middle lay(?r insoluble in water, the 
wciglit of wjiich is to ho added hi that of the nitro liodies. 

1 ‘c^aetive index of the oil recovered from the nitro bodies is in all 
rases lower than tluit of the (vicinal oil. 

'FormoHjtt Reaction was first put forward by NustukofF in 1904, 
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who stated that the pi-pportioii of uiisatiirated hydrocarl )ons could l)c ohtamed 
hy multii^lying the foniiolite value by fourdiftlis. in Hill ^J•lrcussou stated 
that the foriuolite value estimated tlie unsaturated aromatic and cycla^ liydro- 
carbons iii these oils, and he showed that the iodine \alue of the nnacted oti 
oil was decidedly low'cr than the oiiginal oil. If the percentage of tlie 
formolite precipitate depended upon the amount of unsaturated hydrocarbons 
present, as shown by the iodine value, the foiinolite \.ilue sliould rise with 
rising iodine value, but the table given bclow^ docs not show any such 
relation, so that it appears as though a consideiable amount of work will 
have to bo done in this direction before w'e shall get anything detinite. 

Formolite Valut\ Original Protest. — Tw'enty-^e\ en gr.iinmcs ol the oil arc 
dissolved in 50 c.c. of normal petrol, 50 c.c. of c(nicentiMtcd sul[)huric acid 
arc added wdthoiit stirring, then while cooling <idd 15 c c. of 40 per cent, lorm 
aldehyde, shake until no more heat is gi\en oil, cooling between slniking, let 
stand fob half an hour, then pour into 500 c c. of water, and wash the llask 
out with water; the acid solution is next satniated with ammonia, the pre- 
cijiitatc IS sucked ofl and washed with petrol to remove fiee oil, and then 
with water until the washings are acid free. The pre(.i[)itate is dried at 
105" (J. to constant w’eight. 

The [U’oeess was trieil with.i view of h.ning another method lor ih'ti’r- 
mining the origin of a given sample ; when a sulla ient (piantity of the 
sample is avail.ible there is no dilliculty m doing this, but, uiifoi timately, 
there are many cases when one has only 25-50 c.c. of a s.mi[)le for tlu' whole 
examination, so experiments were made in the diiection of cutting down tiie 
amount of oil used for the ti'st. During these expeimu'nls it was found 
tiiat the reaction was not lomplete duinig the few minutes ol shaking and 
cooling and also that doubling the amount of loimahlehyde, with the 
tibject of increasing the speed of the risaction, gave a large increase in the 
amount of jirecijiitate , if the acid doubled as well, the amount of preciintate 
is only the same as tlie original process. 

The process is now carried out as follows : --Weigh out 2 grammes ol 
the sample into a 500 c c. llask, dissolve m 50 ( .e. of [leliol OOt specific 
gravity, 5 c.c. of concentiMted sulphuiic .u id, and G c.c. of 40 per cent, 
formaldehyde addl'd without shaking, then cool undei the lap and shake 
until cold ; the shaking is then contmiK'd for lifti'en ininuti"-- longi'r, m'xt add 
50 c.c. of wtiter, shake, aiul adil excess of ammonia, 'riie precipitate is now 
filtered otl through a dried and w'eighed filter, the filter washed fiist with 
petrol to remove free oil, and then w'lth w.der until free fioin ammonia and 
sulphates. The precipitate is then dried in the water ovin to constant wi'iglit. 


Oil. 

Kdrmoliik 

Oil 

•> 

FOIIMOLI 1 K 

PllFCiri I'.XI K. 

PUKCII'ITAI 1', 


Pel cent 


IVi cunt. 

Aniericaii 886/byO 

40 31 

AmciRcUi iiiiinial ccilza 

20 97 

Scotch 885/890 . 

Galician 885 

31-39 

I 74 -SO 

Anicucan 805 inutnil 

,, 4.5 cold Lost ill- 

9-27 

Russian 895 . .* 

47-10 

ton (1 cylindir. 

, 6 43 

,, 907 . , 

1 30 .50 

'I’l \.is 9 '>0 ml (id 

. 19 12 

Galician 907 . . 

.1 1 9.5 

’ Pi iinsylvani<i912/9L5n‘(f(iil 

» 21 Ot) 

rciinaylvania 900/907 , 

31 80 

liussi.in J^yO li.ilf \i Into oil . 

8 10 

Texas 9‘25 . . - . j 

32 8S 

AiiidVaii 800 li.dl-wliltc oil 

7-15 



116 


RECOVERED PRODUCTS. 


The following give the iodine value of a few mint ral oils, the oils from 
different sourecs-being placed in order of rising iodine values . — 


On. 

loiUNK VaLCK. 

KORMOLII K VaLI'E. 


Ter cent. 

Per cent. 

Rusai.ui 

3 0 

47-1 

,, 907 

6 0 

30 5 

,, 890 lialf-wliite 

9 0 

8T0 

Ouheian 907 

6 1 

34 -OO 

,, 885 

10 4 

71 86 

AniencaTi 800 half wliUt 

7 3 

7-45 

,, niiiicMal col/.a 

8 ! 

20 97 

,, 915 10(1 . 1 

8 9 

19 '42 

900/907 pale 

10 

31 86 

,, 8(50/865 pale IK uti.i] 

11 2 

9 27 

,, filt'Mflvahe 

13 3 

6 43 

,, 910/9 >5 led . 

15 3 

21 0 

,, 885 pah spindle 

18 3 

16 3 

Scotch 885 .... 

21 

31 2 


Testing the Refining of Mineral Oils. — According to the authorities, 
an oil whieli has been insulliciently treated with acid will, on shaking with 
its own volume of sulphuric acid -specilic gravity \arying according to . 
different authors from Ubd to Iwh hot, cold, or both' -turns the acid brown. 
Oil trying this it w<is found that no eommerci.d oil turned acid of 1'53 specific 
gravity brown, even cold. The general older in which the acid refining stands 
according to this tost is : — 

1. Thompson and Bedford American oils. 

2. Better Scotch oils, 

3. Russian mineral oils. 

Level with the Russian oils are (lalician, Texas, and Bennsylv.inian oils of 
other makes. 

This test is evidently too severe for present-day refining. \Vhcn using, 
a mixture of 1 part of concentrated sulphuric aiad and 1 part of water by 
volume, and mixing cipial volumes of acid and oil, the first three clas.ses given 
above show no change when cold, and on heating the mixture to 212'" F. 
the acid is only slightly coloured, and the oil is paler than the original 
sample, but even this test does not pass many oils now marketed in large 
ipiantitics 

The Soda Treatment. —F<pial volumes of the oil and caustic soda 
solution (33 per cent.) are shaken together and put in tin; hot water oven to 
separate. If thft sod.i solution separates slowly and is milky, it shows that 
the oil was not sufliciently treated with soda during the refining. This fault 
appears to occur more often with Scotch oils than any other, because the 
Scotch oils contain a fair ipiantity of phcnoloid bodies, and increased soda 
treatment means increased loss to the producer, both in cost of refining and 
of course h smaller yield of finished oil. * 

Washing after Treatment.— Kipial v<ilumcs of the oil and hot water 
are sliakeii together and put in the hot water oven to separate. If the oil 
has been properly washed thebiil and water wall separate ipiite clear, but 
if not properly washed the water will separate more or less turbid. As 



MINERAL OILS. 


117 


previously iiu'utioncfl, the heavy Texas oils are the <^reatest sinners in this 
respeet, lait all oils^ which have been blown instc'ad of ;\aslu'(l tiun th(‘ 
water turbid. 

Combined Sulphuric Acid in Mineral Oils.- -All inineiMl ods ( on- 
tain more or less aromatic compounds, and these are liable to sulphoiiation 
during the refining, and so are often to b(‘ found in the finished oils. On 
heating the oil with its own volume of m'wly distilled aniline the pieseiiee of 
sulphonic acids is shown by the mixture becoming more or less turbid owing 
to separation of aniline sulphate. 

Metallic Soaps in Mineral Oils.- The addition of oleatcs of had, 
alumina, or calcium to mineral oils is not as treipient as was formerly) thi' 
case. This ad<litiou raises the sjiecitie gravity but little, so that an oil luiving 
a very high viscosity for a given specific gravity is sure to eoulaiu (uther 
metallic soaps oi’ indiarubber. If the suspected oil be boiled with hydroi hloru; 
acid fof thirty minuti's, adding water to m.dce iifi for the eva[)oiatiou, the 
acid liipior run off and tested in the usual way for bases, then, after washing 
the oil until acid frei', the viscosity of the oil is taken from a 10 e.c. pipette, 
and if metallic soaps liave been ailded to the sanpile its viscosity will be 
found to bo very much lower than that of the original sample. 

Indiarubber in Mineral Oils is detected by boding the od with a 
mixture of 3 parts of ether and \ parts of alcohol, whieli will jire* ipitate the 
indiarubber piesent ; the precipitate if desired may be filfi'red of!, washed, 
dried, and weighed. 

Dark Cylinder *Oils may be divided into two classes. (1) with 
asphaltuiii below 0‘5 per cent., (2) with as|)haltum over 0-5 per cent. 

The tw'o classes can be separated by mere inspection of the bottles in 
wh . !\ they are coriLiiiied. The oils witli low asphaltum content will l(‘ave a 
peril' tly smooth coat of oil on the bottle side, whiidi will remain smooth as 
long as it stays on the glass. The oil with high asjihaltum content will 
le.ive in the layer on the botth' side many finidy dividial particles, which are 
left on the glass as the oil giMdually tlowa away from them. 

Asphaltum in Dark Cylinder Oils.— I hnsolve 2 grammes of the oil 
in jietrol of O'OI spciilic gravity, allow to stand tiiiee hours, lilti'r off’, and 
wash the filter with petrol until fat Ireis 'I'ln* residue on the filter is dissolved 
^)ft' into a weighed flask with hot benzol, tlie ben/ol distdh'd off, and the 
ri'siduo dried and weighed. 

ddie amount of .asphaltum in dark cylinder oils i.s ver> variable, ranging 
from 0'03 per cent, to 2-25 per cent., these being the limits found in aliout 
100 estimatioms. 

If a dark cylinder oil contains much over 1 jior cent, it will turn quite 
solid after twelve hours’ hiaiting at 212' V., which .shows what will happen to 
the oil ill a steam cylinder whore it m.ay bo exposed to a much higher tempera 
turc than 212° d’lie highest percentage of asph.iltuiii found in black 
mineral oils, fuel oils, etc., was 218 per cent. • 


On. 


PkIK KSTAl.l' Oi A‘^rlI.\MUM 


Medium dnik macliinoiy . 
Aiaeiicttii bluok’oits , 

,, (iaik cyluidorjoiLs 
Rus.siun re.siduuiu 



0 0.J 

1 02 

0 07 t( 
0 M 
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4 sample of dark cylmder oil iiad specific gravity^, *0308, and contained 
1‘50 per cent mf asplialtnm, determined as above. After removing tlie 
asplialtnm the specific gravity of the oil was only *0083. 

Connection between Analytical Results and Practice.— booking 

at the question from a tiieoretical jioint of view, if one leaves out oils with 
a very low viscosity, there is no doubt a close connection between the lled- 
wood figures and the internal friction of the oil ; from this a first class oil 
slionld have as high a viscosity .is can be obtained for a given specific 
gravity. 

The lower the iodine v.due tin' higher the viscosity, and also the less 
liability for oxidation to take jilace during hh'. 

The loss the interval between the \apoiir point and the Hash of the oil’ 
the less washifiil the oil will he in use, alw.iys provided that the hearings on 
w'hicli the oil is used are ke[)t in good condition. 

The cold tost like tin' sjiecilic gravity should he the lowest olilainablc 
for a given viscosity. 

The oil should ha\<' a vapourising point loO" F. above the temperature 
.at which it has to he nsi'd. 

Tlie flash point will hut r.uely come into considcratiop, as there are no 
lubricating oils on tin' market with a llasii point below 3(K) V., which is 

(piito liigh cnoimh for safety, in spite of tlu' insurance limit of .310" F. The 
following oilers comp.vrison of tlu s(‘ re(|uirements with actual figures oht.iined 
from good oils of their ckiss now on the market- — ^ 
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PETROL JELLY. 

Two v.'iriotics are to l)e fouiul. the natural jellies and the artificial. The 
latter may be anything from mixtures containing 7b per cent natuial jelly 
to a mixture of eeresin or paraffin wax and a light mineral oil. 

Specific gravity : natural jelly, '860 to ‘800, according to the melting 
point ; the higher the melting jioint, the highei the specific giavity. 

Similar limits are found for the artificial jelly, (.'xt ejit in the case of very 
poor imitations, when the sjiceific gravity m.iy rise to fiOO. 

Melting point v.iries in both kinds from 1)5 to 115'’ F., the cold ti'st from 
90 to 10()"'F. 

Uefractive index is higher m natural jellies (over l‘ t85) th.in artificial 
(1-172 to 1-177) at I 10’ F. 

\"iscobity : this gives the most can-tain indication as to jmrity 
Nai'ukal Jklly 

Vis(osity 1'42 Redwuixl at 110’ K , ( oM t(st 9 :>" K. 


i‘)r) 


,, 04“ K. 

,, 320 


„ 117” K. 

370 

M M 

,, 114 F., tins s \\ IS dmost asduk 

m coloin IS ,i liltcicd 

ylirnUi '111. 


Ari n 

I< lAI, Jkt.ly 

Visco.sity f>8 at ltd 

P’., luixluro of wax and imiionl od. 

M 60 


)» It It 

70 


t, tt It 

,, b)8 


It t, ,, 

,, 185 


,, ,, ,, and nallual |( lly. 


The last sample was made sjiecially in ordin- to see whether it was possible 
to m.ike an artificial sample having a viscosity as high as the natural ji-ll}^ 
(lokc is higher in the natural than in the artificial - — 

Natuial Jelly — 5 to fi per cent, for 100’ K cold test. 

,, ^ 7*5 ])er cent, for 117’ F. cold test, colour jiale. 

. ,, ,, 1 I'ld per cent, for 1 1 0' F. < old test ,, dark. 

Artificial >*jelly is always below' 5 per cent., even in samples containing a 
high jierccntage of natural jelly. 

, The reason for this is that the coke in eeresin, paraffin wax, and light 
mineral oil is always loxv ; — 

White Oeresin, FI per cent.; Light Oils, 11 to 3-d jier emit. 

The tenacity of petrol jellies varies with the viscosity of the samjilc at 
HO” V. The lower the viscosity, the lower the tenacity. 

Detection of Ceresin. — Dissolve I gramme of jelly in fo c.c. of»carbon 
disulphide, and keep the solution at a temperature of 70" F. ; if oeresin is 
present the solution will either turn turbid or show a flocculent layer on the 
top, according to the amount of cere.sin present. The almve docs not give 
any precipitate or turbid.Jy with paraffin xvax. ^ » 

Paraffin Wax in Petrol Jelly.^ before testing for jiaraffin wa.x, the 
absence of ccroain must be proved as above. > 

Dissolve the samph' ifi alcohol free ether, and when cool add the same volume* 
of absolute alcohol ; a bulky white precipitate will form at onep if paraffin 
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wax is present; filter off, and w.ish with alcohol-ether (1 to 1), and take the 
melting point, of the separated wax. It must be lemembcred that this is 
only a (jualitative test, and further, that the melting point of the precipitated 
w.ix will be higher th.in that of the wax used, because the paraffin wax is a 
mixture of bodies of different melting point, and the fractions of highest M.P. 
are precipitated first. 

Saponifiable Matter in Petrol Jelly. — The acidity of petrol jelly 
should always be determined, because this will at once detect the use of so- 
called ceresin sam[)lcs which conhiin resin or shellac ; but in some cases castor 
or other oils have been added to petrol jelly, and of course the saponifiable 
can only be determined by saponificate sepn ration and weighing the separated 
saponifiable matter. 

Samples of petrol jelly containing saponifiable matter turn rancid, and 
also will not jiass the ll.P. tests. 

Iodine Value. — This is not of much value, because a genuine white jelly 
like a white oil lias most of its unsaturated constituents removed during 
preparation, ‘uid has practically no iodine value. In the case of the yellow 
jelly, since the highest iodine value one finds in a filtered cylinder oil is 15, 
tliis figure gives us an upper limit for iodine \alue Kor artificial jelly, since 
the paraffin scale used has but litth' iodine value, and the light oils used do 
not exceed an iodine value of 12, here again ve obtain a fairly good upper 
limit. In actual practice the highest iodine value for a white jelly was 6, 
and for yellow jelly 1 l‘.‘l. 

PARAFFIN WAX. 

The usual commercial grades are yellow, semi-refined, and refined. 

Melting point varies from 102 to 1.50' F. 

Specific gravity ,, ‘8410 to ’8800 at G0‘' F. 

Iodine value ,, 1 to I0’5. 

The specific gravity if taken on samples of difierent melting point but 
from the same source rises with the melting point. 

The degree to which the refining has been carried may be told by 
heating the sample in a test-tube with concentrated' smphuric acid; the 
colour of the layer of wax is darker or paler according to the extent to which 
the refining has been carried. 


SoUKCli. 

SrKcinc (liwWi i y. 

loitiNK Valuk.^ 

Scotch 110/112 MP . . 

•8828 

10 '6 

,, 118/120 „ ... 

•8812 

4-9 

,, 120/127 • 

American 106/108 ,, 

•8855 

3-3 

•8533 

5-4 

120/122 ,, 

•8410 to *86,86 

1-9 

,, IS.^HO ,, 

,, 130 M.P. yellow . 

•8690 to -8772 

I'O 

•8823 

3-5 


CERESIN AND ITS IMITATIONS. 

'Jeresi-i itself is very rarely found on the market ; the usual commercial 
article is a mixture of ceresin and parathn, but resin and other bodies are 
also used. The difTercnce between melting point and cold test in the case 
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of pm e oercBin is nsiially about 4° K., but in mixtures of cercsin and paraffin — 
that IS, most of the combiercial ccrc.sins with melting; point from 110 to 1(10 
F. — tlie difference l)ctween melting point and cold test is sometimes as much 
as 10 to 12“ F. 

The specific gravity sliould always be taken, because the specific gr.avity 
of ccresin is over -fflO, and commercial jiaraffin is always niiilcr '1)00. Tlio 
acidity also should never be omitted ; in natural ccresin and paraffin wax tlie 
acidity as oleic acid is below 1 ‘5 per cent., but if resin or shellac has bemi 
addt'd the acidity rises with the percentage added, (aunmcrcial yellow 
cercsins, with the exception of the ”rade known as natural yellow, :ire 
coloured with coal-tar dyes, which may be removed by boiling out the sample 
with alcohol The class of dye most often us<*d seiuns to lie the Sondans, 
m.ide by the llerlin Aniline Co. Although these colours do not give any 
characteristic absorption bands with the spectroscope, they are easily 
identified.’ 

Soudan 1 gives a red colouration with cone, sulphuric acid. 

,, 2 ,, ,, ,, ,, ,, ,, ,, stroii;;er than 1 . 

,, 5 ,, a dirty biownish gicen with concentiated suljihuric acid. 

,, 1 ,, a full bright green ,, ,, ,, ,, 

(^hiiuoline yellow is used for lemon yi'llow. 

Resin in Ceresin. — (,>ualjta(ive detictum by the bielieiniann >Storch 
reaction may be determined (piantitativcly by cither volumetric or gravi- 
metric method. 

Volumetric Analysis. — hissolve 5 grammes of sample in petrol, add 
an eipial volume of neuti dised :d(‘<»hol, rind titr.ite with N/IQ alkali, b.ismg 
the c.il( ulation on the average acidity of resin being per cent, as oleic 
acid. I he acidity in ccresin is so low' that it may be neglected in the 
calculation. 

Gravimetric Analysis.— Sajunnfy r» giammesof sample with alcoholic 
potash, and shake out with petrol as iismil. Dccomjiose the soap solution 
with acid, and shake out the resin witli ether, w.ish, distil the ether off’, 
dry, and weigh. Jilio results, like .ill other resin estimations, are always 
high, so that the volumetric method is practically as accurate, and much 
quicker. 

Estimation of Paraffin in Ceresin and Ozokerite. — A method 

depending on the followung experiments luis been worked out hy Marcusson 
end Schluter :~ 

1. A solution of eorcsin in carbon disulphide h.is from 55 to Off per cent, of 
its hydrocrirlioiis precipitated by the .iddilioii of .i mixture of alcohol and 
ether imiler certain conditions, whilst par.illm of eveiy kind remains entirelv 
ill solution. 

2. A mixed solution of par.affin and ecrcsin under the ^ same conditions 
has part of its hydrocarbons juveipitated by akobol-cthor ; the >amount 
of preci[)itato is always about GO jicr cent, of the ceresin contained in 
the mixture. 

Three gr.immcs of the s.implc, .dtci c.irefully freeing the sample from any 
resins, fats, or weighting m.ilerials it may eontain, .ire dissolved ii^i 30* e.c. ol 
carbon disulphiik' by gentle warming nndei rellnx, thi* solution is luonght 
to 77 MA in ,i water bath (the more ceresm present in the s,unple the gxeatei 
the turbidity of the solhtion .it tlbu stage); ,3 (j 0 e.i*. of aleohol-ether (1 to 1), 
the alcohol of 9(1 per cent, at 77" F. are .idded, and the precipitate (piickly 
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suckinl oik tluou^li a Buchner funnel ; the precipitate is washed with 25 c.e. 
of ^lie alcohol-ether mixture (at 77' F.), and the prt'cipitatt! then dissolved 
into a wei^lied'flask with ben/ol, the benzol distilled off, and the residue dried 
and \vei<i:hed. Tiie [)ercenta'j;e of paralli!! is calculated from the weight of the 
precipitate as follows ; — 

Whilst GO per cent, oi precipitate corresponds to 100 per cent, ccresin, 

. j. • i i. 100a 

a per (;eiit. ot precipitate = per cent, ceresin. 

When percentage ol puaHin, 

^ GO :3 ^ ^ 

Shella,C in supposed ceiesin. The saiiiplt! \v<is offeied as white ceresin. 

SiR^iitic (Gravity . . '9207 1 Melting Point . I9l F. 

Acnlity . 5 29'’i, isoleic.vcul | Cold Tc&t . . . 184 K. 

Five grammes of the sample were saponilied with alcoholic potash, the solution 
allowed to cool, and poured into a separator, leaving the cake of wax behind 
in the flask. The c.ikc was again boili'il up with alcoholic potash, and the 
potash solution ag.iin poured into the si'paiator, still leaving tin* cake in the 
iLisk ; the cake was washed with water, and its melting point determined. The 
figure found was 140'" F, 

Neither the original sample nor the sepai\ited aponifiahlc from it gave 
the faehermann-Storch resin reaction. The saponifiable was found to be from 
white shellac. 

Quite a number of simikir samples have been examined since, usually 
having melting point 190 to 192° F., and acidity 5 to 7 per cent, as oleic acid. 



Sain [tie. 

Spccilic 

(Jiavity. 

Acidity. 

Mdtuig 

Point. 

Cold Tost. 

Wluto 


•H960 

(e:55-l 00 

lo'.-Kil ’ K. 

12r.-135^' F. 

Yellow 


•9000 

0 98 

1 no ,, 

133 „ 



! -9132 

0-70 

1 111 

126 ,, 

black 


1 -8971 

0 98 

i 138 ,, 

125 ,, 


1 ”■ 1 

1-00 


140 ,, 



Kksin Oil^. 


1 

I Specific Giavity 

■9709 to 1-0148 

lodino Value 

. 52 9 to 84-2 

Acidity as oleic 

1 • 

ml to 41*60 per cent 

1 

R('t'r.ictivc Index . 

. 1 ’51 33 to 1-5428 


For the preparation of emulsion oils a resin oil with an acidity below 
15 per cent, is not much good. 


Kksin Oil Ghbasi-s (Ski' Gkkase:). 


Water and ^jss 

1 

15 to 30'X, f Resin oil and niiiiu<il . 

35 to 50% (largely 

c-Liinc 

. F5 to 35% » 

mineral) 
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LUBRICATING GREASES. 


Tljctst! are ol‘ two ^vindw . cup greases, iiuulo usually from liijuul )iK 
sapfiiiilied ^Yitl 1 lime; and engine greases, made I'roin oil mixtures eontammg 
some solid fat and saponified willi soda. 

These greases also vary greatly as regards filling niat(‘rial, altliough 
the fillers are su})posed hy tlui makers to add to the lubricating ^alue 
of th(! jiroduct. 

Water is determined in the water omui or, better, hy distillation. 

Fat and Bases. — Kive gramnu's of the sam[)le arc weighed into a flask 
and boiled up with hydroehlorie .leid until th(‘ fatty l.i^cr is ijuite clear; tin; 
addition ol a pieci* of porcelain will <lo .iway with humping, which might 
otherwise s[)oil the test. When th<‘ fat is clear, the flask and contents are 
cooled under the tap, and shaken out twice with ether, the ether extr.icts 
washed with watiu’ until acid free, the ether distilled oil’, and the residual oil 
dried in the oviai, cooled, and weiglu'd. The oil is put on one suh; for furthi'r 
examin.ition. The acid solution and washings are mixed together and ex 
.limned for Ixises. 

Free Acid is <h'tei mim'd m the same way as in oils and fats. 

Free Alkali, hke free a( id, is sometimes found in h.iflly picpated 
greast's, .iiid is easily (h tected with phenol[)hthalein ; the detei mination ol 
the amount present n maili' hy dissoKing np .is for flee acid, hut the titr.ition 
is carried out w'lth N/l(J .icid, .nid the result (.ilculated to the base present. 

'I’here is no connection between the diop[mig point and the percent.ige ol 
water in these g leases. * 


ToUl Fat 

1).". 1 4 

1 

, 94 14 

90 74 

72 51 

Wall 

3 90 

1 54 

6 .5] 

18 27 

Soda 

2 50 

1 2 19 

2-70 t'aO 

8-10 (JaO 

F.it fioiiLciiiis 

Sapoiiifi ililis 

! ‘>3-25 

23-35 

17 


UiiMl">iJili.ililc 

76 22 

76-40 

.H3 
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APPENDIX. 


OILS, FATS, AND WAXES OF THE BRITISH PHARMACOPCEIA. 

'Pho foMowinfj; are tlic liieits allowed in the tests of these samples 

Acidum Oleicum (oleic Acid). — Specific gravity 'SUO to ‘DIO. Cold 
test 10 to 4C D\ Dissolve 1 jj;rainme in lo-'JO c.c. !)U per cent, alcohol, add 
phenolphthalci i and aqueous HP) per cent, caustic, drop hy drop, until pink, 
make just acid uith acetic acid, and filter. .\li\ 10 c.c. of the filtrate with 
10 c.c. ether and 10 c.c, a(pieous lead aci'tate solution ; only a slight turbidity 
should result. 

Adeps (Lard). — Saponifiable value 19:1 to 197. Iodine value 5:3 to 63. 
Acidity 0'3 per cent. max. llefractivd index 1*153 to 1 155, Melting point 
38tO'irC. 

Adeps Lan«e (Anhydrous Lanolin). — Melting lioint about 10° C. Ash 
not above 0*3 per cent. 

Cera Alba (NVhite lleeswax). — PXve grammes must Like 1*5 to 2*2 c.c. N/l 
alkali to neutralise the free fatty acids, and 6*2 to 6*8 c.c. N/l alkali for 
saponihable. 

Cetaceum (Spermaceti). — Specific gnivity *94 to *95. Melting point 
12 to 50' (k Iodine value 3 to 1*1. Saponifiable value 125 to 136. 

Oleum Amygdalae (Almond Oil). — Saponifi.ible value 188 to 200. 
Iodine value 95 to 100. Specific gravity *915 to *920. Free fatty acids 
up to 2 percent. Uefractive index 1*472 to 1*473. ScU,ing point - 18' C. 
Ihber’s test to be used to detect other kernel oils. 

Oleum Lini (Linseed Od). — Saponiliable value 187 to 195. Iodine value' 
170 to 190. Specific gravity *930 to *910. Acidity u|) to 1*5 per cent. 
Uefractive index 1*48.35. Setting point not below 20° C. LJn.saponifiable 
matter under 1 per cent. Sulphuric ;icid and acetic anhydride test ^o 
di:tect resin oil. 

Oleum Morrhuae (Cod Liver Oil) Sapouifiable value 179 to 198 
Iodine value 155 to 173. Specific gravity *920 to *930. Acidity under 
1 per cent. Uefractive index 1*4800 to 1*1830. L'n.s<iponifiabl(' not over 
1*5 per cent. After 10 hours at 0” C. must not se[»arate solid iiarticles. 

01e.um Olivae (Olive Oil). --Saponifiable value 188 to 1!)7. Iodine value 
79 to 87. Specific gravity *915 to *918. Acidity up to 3'5 per cent. 
Uefractive index 1*4698 to 1*1713. llalphon’s test for cotton oil. Baudoin's 
test for sesame oil. Nitric acid for cotton oil, and the following tost for the 
qualitative detection of arachis oil: — A mixture 1 c.c. oil and 15 c.c. 
alcoholic iV/1 potash is boiled under reflux for fifteen minutes, then kept at 
a tei^iporajiure not exceeding 15' C. for tw'onty-four hours; must not become 
i'loudy, nor separate crystals ©f qrachidate, • 

Oleum ,,Ricini (Castor Oil).— Saponifiable value 177 to 187. Iodine 
128 
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Vcilue tS.'5 to SI). 8pefihc gravity ’900 to ‘DTO. Acidity up to 2 pi'r cent 
Jxerractivc index l'-17‘.K) to 1 ••iSOo. The oil is soluhle in absolute alccfhol 
111 all proportions^ soluble in glacial .leotic acid, and’ also in d .b \obuiies ol“ 
90 per cent, alcohol. Ten e.c of oil shaken in a ejlass slo[)peied cylinder with 
7 e e. petrol (dher dissohes cle.ii at 17/ 0. ; a further •) e e, of petrol eaus(!s 
tuibidity, but afU'r hve niinutes at dears a^.iiii, the turbidity 

reappcariiuj;; at 1<S" { 

Oleum Theobromatum (t’oeo.i llutler). — Speeitii- gi.uity -990 to 
99S. Saponi(ial)lo Vtilue ISS to 19.~). lodiue \.ilue d.b b to ‘IT'-'). Melting 
point .'lO to d.T (k Oiu' f^r.imnie dissohed in ether (d e.r.) at 17‘’ ( '. .iiid cooled 
to 0 (!. must not separate solid in three niinuti's. ( )u ae,aiu w a rimui^ to l.b-b")' 
the mutuie must <>radually dear. 'Die melting point must not be taken 
until the saiu])h. has stood lorty-eiebl hours alter [ue[)(iiuii. Veidity not 
ov('r 1 per e('ut. 

Parrfffinum Durum (I’aratbu Wax).-— Sjieeitie uruity S2 to 91 
M('ltiU” point -bt to (j()' C Xo asli. 'I'lie di oIioIk ('vtia< t must not turn 
blue litmus papi'i’ red. 

ParaffillUm Liquidum (White .Miueial Oil) s^iecitie e,ia\ilv S(i0 to 
SSb. bbiur e.e. oil, 2 e e ibsoluto abobol, .ind 2 drops of a satiiiatei] solution 
ol litharge in i aust*i<' soda must rem on ei»l(»in le-^s .iftei heatiuu to 70 ( loi 
ten minutes (.ihstMua' ol sulphur eomjiouuds) Ti'u e e. ot .ilcidiol boihd with 
b e.c oil must not redden blue' litmus pa])('r. 

Paraffinum Molle ( betiol .lelly) SpuilK emvityal mdlnm [lolul -MU 
to S70 Medtiiie: [)oiut*‘>(i to -12 'Pen ( i deobol boih'd wilb b giatiiuii > 
must not it'ildeu blue litmus [iiper. d'eu Lir.imim's bulled ten miuiiti s with 
20 e.e. ot eauslie soda solution, tin* soda solution separatt'd and aLidilied with 
siilpnaric acid, must e:i\e no jirce qiitate or sepuite oily bodies. Absence 
of fat’ \ oils, tats, and ri'snis. Xo ash. 

Sevum Praeparatum (l*r<“l) ired d’ dlow ). — S Ipeaufiable \alue 192 to I 9b. 
Iodine v.ilue dd to Ki Medtiing point lb to bO ( '. llidiactive iude\ at 
bO" (’ Id 191 to 1‘bbl. A< idit} not .ibov(' 1 pei cent. 
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Aoki'A I r.s from iinHaj)Oiii('iable, potceiitage of, 
40 

Acutyl value, 29. 

of misipoiiifiable, 10. 

Acidity, lowering of, by heating, 4 1. 

— — of f.itty mis and lais, 41 
Acidum oleiuuin, 127. 

Adeps, 127. 

laiM', 127. 

Analysis, pre^iaration foi, 2 
Aiiiinal oil, 40 
Aracbis oil, 46. 

toots, 68. 

Ash, 16. 

in nuneial oils, 113. 

Autot Living oils and fats, 70. 

Back ends fiom fatty atnl distillation, 72 
Backwash gieases, 91. 

Belgian hard gio.ise, 94, 

Black cotton gu ase, i!S. 

oils, 9f). 

evtracted, 97 

piess.d, 97. 

viscosity, 98. 

Blown oils, (30. 

Boiled linseed oil and suhstitute',, 62. 

Bone fat, 63, 

Bromides from fatty acids, 31 
Blown Wool oils, 106. 

Camemnk oil, 46 
(Jandlo sLe trine, 7.t 
Candle-maker’s ttlcnif, 74 
(Nil bon, fne, in pitcli, 110 
Castoi oil, 46 7. 

jnist ible, 60. 

Ceu.sin, parudin in, 125 

shcllai in, 126 

wax, 124. r 

Get i(,eum(y 127. 

Chimsr vegetable liillow, 47 
Cholestt lol, digituiiin jnmt ss, 12. 

Cocoa butter, 19, 

Cocoaiiut oil, 47, 

Cod liver, 48. 

. — ^ — oil foots, 69 
Coke m mineial tnls, 113. 

Cold tik, 13, 

J — of unsaponiliable, 40. 

Col/.a, 49; 


Conimeicial fatty acids, 7 1, 

Conceutratul soap stock, 68. 

Co[iia residue, 69. 

Cotton giease, black, 68 

mucilage, 68. 

oleines, 102. 

pitch, 110. 

CoLloii-seetl oil, 49. 

Clliiieis’ giease, 96. 

Cylinder mis, 121. 

daik, 12l.i 

Deo HAS, (j2. 

Distill.itc fiom Injiiid lesin, GO. 

Distillates, back > ud, 72 

fiom Continental gnases, lOO. 

fiom cotton loots, lOU 

lioiu letovered j»n»ducts, 100 

Distill. ition ot latty acids, 71. 

ol lecovi ltd prodiuts, t)S 

Distilled 9.^1 p( I cent, oleim's, 74 
Dog hsh hvei oil, 49. 

Emulsions and < miiLsioii oils, 101 
English haid go ises, 94. 

E.xtractfal giease fiom sud cake, 92. 

skill guase, 93. 

Fai splitting, 70, ^ 

Fats, amount to weigh out foi iodine value, 

20 . 

and Oll^, Biiatmacopteia limits, 127, 

oils ami, tables of figmes foi, 46. 

oils and acidity of, 17. 

Fatty acids, bioiiiidos fimu, 34. 

cold test of, 32. 

com men lal, 71. 

distillation, 71. 

examination of, 31. 

iodine value ol, 32. 

— — . — -- melting point of, 31. 

mob ciilar weight of, 37 

— — ol iioimal, 38. 

oxidised, 32. 

piessiiig of, 72. 

scpaMi1n»ii of hf|iuil and solid, 35. 

.vvool tilt, 96. , 

Fish steauiie, 50. 

Flash point, 14., 

Fluids, sampling of, 1. 

Foots, cod, 69. 
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Foots, cotton, 68, 

from fatty oils, 67. * 

— ^ olivt, 69. 

palm, 69. 

rape, 69. 

soj'a, 69. 

wlialc, 69. 

Forniolite value of mineral oils, 114 
Free f.itty acids, 17. 

in greases, 93. 

Ficinh liaid gieases, 94. 

Caiuiaoe grease, 63. 

Gas oil f’lom distillation of leeoverod pro- 
duels, too. 

“ — ■ from fitly acid distill ition, 72. 

Geiman haid gieases, 94 

Gilding, liaiiility of oleines to eanse, 7.^». 

Glycerinr, 78 

( rude, S.^). 

(ireasi, Ameiioan liog, 6‘i. 

Helgian hard, 91 

cuniers’, 96 

Ficneli, 91. • 

print! is’, 95. 

sewage 95 

Gic.ises, backwash, 91. 

, cxtiiiebd fioni sud eake, 92 

Inbnoatiiig, 127. • 

recovered, 92. 

HaiU, giea.scs, Belgian, 94, 

. English, 94. 

Flench, 94. 

Haldoinsl oils, 64. 

l)M-produ( ts fiorn, 64. 

Heating, i llecL of, on ai idity, 44. 

IfeliiKi \alue 25 
Heiniiseed oil .50 
Herring oil, 50. 

Hog grease, Ameiitair, 

Jlor.se fal, 50. 

JIoj*press oil from candh stearine, 73, 

Indiaruukkh in mineral oils, 117. 
li^digotin ill suil cake, 92. 

Insoluble i.itty acids, 25. 

Iodine laliie, 19 

of 95 jier cent, oleinos, 74, 

of iiiisaponifiablc, 40. 

.Iai’AN fi.sh oil, 51. 

Kippeh oil, 51. 

La( roNJ s, 28. 

Lamp oils, fatty oils for, 44. 

Lanoline, 53, 67. • 

Lard, 51. 

oil#51. * 

Linseed oil, 51-52. ^ 

boiled, and substitutes, 62. 

Liquid resin, 90. 


Liquid resin, distillate, 90. 

Lubricating gieases, 127. 

free acid in, 127. 

free alkali in, 127. 

Maokev’.s testci, *26. 

Maize oil, 52 
1^1 ai 1 OAV fat, 6,3. 

Melting ])oint, 10. 

of aci tales fiom iinsaj)onili,ible, 

41. 

i>f fatty acids, 31 

~ of uiisaponiriablo, 40. 

open eapillaiy, 10. 

Menhaden oil, 52 

Mineial acids in lecovcieil giease, 94, 

- — oil pilch, 111. 

oils, 111 

• ash Ml, 1 13. 

a'-jilialtum in, 1 1 7. 

I'oke in, 113. 

— '’oloiii of, 112 

- fonnolib \ dm , 1 1 5, 

• - -- Midi u libber III, 117. 

- -- ■ - lodiiH value, 1 1 1 

- inetalln soaps in, 117. 

- iiiliatioii (tl, 114 

- - optic il 0 t ivily, 112 

- -ie(iacli\( iiidiv, 119-122. 

... _ K sin in, 1 H. 

--p! ( die gi.ivilv, 1 19 122 

lablcs lor, 11 ) 12-2 

--Ii^sfing lelinuig, 116. 

tinning daikt i\ 112, 

Msco^ity, 119-122 

M]s( iblc castor oil, 60 
Molecnhu weight of f itty ac ids, 37. 

Nkmsfooi' oil, 52. 

Niutial Wool fats, 67. 

Nil kel, d( t( clion of, lii liaidi iied oils, 64. 
Nigi r s< cd oil, 52 
Nitration ol miiu lal oils, 11 1 
Non-lats, 17. 

Noimal fatty acnls, mobcnlar iveight of, 38 

On, splitting, 70. 

oju'ii sinonification, 70. 

Oils, amount t(t take for iodine value, 20. 

and fats, acidity of, 44. 

IMi II niacop<em limits, 127. 

tables of liguits, 46 

l.imji, 44 V 

Oleim, uindle-inakc I’s, 95 jh-i cint^ 74, 

iodine v.ilues, 74. 

lot ton, 102. 

liability of, to cause gilding, 75. 

recovcied, 101. 

95 pel cent, oxidised acids yr, 75 

95 per cent, refractive irul^'x, 75, 

* 95 per cent., tables of liguies, 77. 

95 percent. nnsa])onifiable^n, 75.* 

^5 fier cent viscosity of, 75. 

Oleum amygdake, 127. *,• 
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Oleum liiii, 128. 

— monliurp, 128. 

olivoe, 128. 

nciiii, 128. 

tlu'oiiioni.itiiin, 12S 

Olive oil, fjlj. 

loot.s, BD, 

siilpliui, 43 

Optical lotatioii, 10 
Oxidised t itty acids, 12 

Palm kernel oil, .")4. 

oil, 54. 

loots, B9. 

Panillin in ceiesni, r2.'>, 

wax, 124, 

Paraitinuni dm uni, 128. 

liquiduni, 128. 

iiiolle, 128. 

IVite d’Aiai line G8. 

Petiol .11 Ily, eci. ^ m mi, 123 

coke 111 , 123 

iodine v.ilueol, 124 

p.uatliii \\a.\ 111 , 123 

s iponitiulili inatti 1 in, 121. 

viscosity, 123 

Phaimacopii la limits Nu oils and fats, 127. 
Phytosterol u idate test, 42. 

Pilcliaid oil, .04. 

Pitch cotton, no. 

detection ot inimral oil in f.itty, 109. 

free c iihon in, 110. 

— — liee (att} .icid.s in, 107 

fiom f.itty ackl.s, 111, 

from If covered piodncts, 110. 

— — nunei.il oil, 111. 

sajioniliable nuttei in, 108. 

— wool gieaso, no. 

Pressing of fatty acids, 72. 

Prill tei s’ giease, 9.5. 

Rai’E oil, 55. 

foots, f)9. 

Recoverefl gi cases, 92. 

— distillation of, 98. 

mineral acids in, 94. 

oleines, 101, 

’■ stearinos, 103. 

Refining of mineral oils, testing tlio, 116. 
Refractive index, 7. 

effeet of cold test on, 8. 

of 95 per cent, oleines, 75- 

— - of unsai«)nifial)le, 39. 

•- tub]e.s of, 8. 

Rcichcrt-Meissl value, 24 
Resin in ceiesin, 125. 

in inim'ral oils, 114. 

oils, 126. 

Resims^ 87., 

liquid, pO 

^leltiiig point, 11 

^'Twitcncll’s jiroce.ss, 89. 

Rice oil, 55, 

Rotation, optifeaf, 10 


Salmon' oil, 5.5 
Sami»ling, ] 

fluids, I 

solids, 1. 

Sapomfic.ition of oils .ind fats, open, 7o. 

oleine, 74. 

Sardim oil, 5,'). 

Sea t lejtli lilt oil, 55 
Seal oil, .56 

Stconds fiom gii isc distillate-., 100 
S( [laratioii of neutial fits .iiid unsxjHUiiti- 
.ilde, 18 

SeMim pieparatum, 128 
Sewagi gioaso, 95. 

Shaik li\ci (nl. 56. 

SlndLiC in ceiesiii, 126 
Skin gieas(' < xti acted, 93 
Soaps, cotton, lOB. 

liquid soliilioii, 106 

So.l oil, 62. 

Solidilyiiig point, 13. 

Solids, samjiling of, 1 
Soya hi an ml, 5B 

foots, 69. ' 

Specific giavity, 3. 

,,t unsaponiti.ilde, i9. 

r >t.ition of unsai»oiiitiable, 39 

tempei.it^ne reaction, 27. 

Sperm oil, 56 
Spiiit ml, 98 

Sti un .icid, (h t» imiuatimi of, 3B 
Steal me, candle, 73, 

Steariiies leooveied, 103 
Sulplionated mis, 65 
Sulpbnr olive ml, 43, 

Sun How ei seed oil, .57 
Sill face tension, 6 

Tai I o\v, 57. 

■ oil. 57. 

oil o sti aiine, 57 

Thickened oils, 60 

Titre teat, 12 , 

Tung oil, 58. 

Twitchell’s [iruci ss, 89. 

Unsai»o\'ifiab[.f, acetates, melting iioiiit of, 
41. 

- — - acetyl value of, 40. 

(.old test of, 40. 

digitmiin piocess, 42 

• exaiuiiiatioii of, 38. 

Ill 95 pel cent oleines, 75. 

iodine v.ilue of, 40 

melting point of, 40. 

percentage acetates fiom, 40. 

lefractive index of, 39. 

sepal ati%ii of, 41. 

specific grai ity of, 39. 

lotation of, ^9. 

vaiiation of, in gieases, etc,, 96. 

Va i>oiTiii..r VO 14, 
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VanatVDii in unsaporii liable of greases, etc., 
. 9(i. 

'i^'hcoHity, 4 * 

absolute, li. 

agreement ot lesults, 4. 

— - client of previous tieatineiit on, (5. 

— Iiguies, conveisinn of, 4. 

lag in flow, 4. 

ol i>lai k oils, 98 

of 9.^1 per cent oleines, 75. 

— ot leeoveicd oleines, 101. 

tables, 5. 

\''olalile fatty aeuls, 2A 
matter in 95 pei c( nt. oleines, 75. 


Volatility at 212° F., 15 

Waliius nil, 58. 

W.itei , 1 6. 

— — in lubricating greases, 12 
Wax, coiesiii, 121. 

paratfiii, 124. 

Whale oil, 58. 

foots, b9. 

oil.s, acidity of, 44. 

Wool fat fatty acids, 96 

giease pitch, 110. 

oils, blown, 106 
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By 0. LikOKKKLD. In Hiuidsouie (.'loth Fully Illustniled, - - - net. 1.68 Od 
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Fifth Edition, Revised. In Large 8 vo. Pp. i-xxiv + 5 ri. With 255 . 

Diagrams, Examples, and Tables, and a Chapter on Foundations. i 6 s. 

THE DESIGN OF STRUCTURES; 

A Ppaetlcal Treatise on the Building of Bridges, Roofs, &c* 

Bv S. ANGLIN. C.E., 

Master of Eiiplneerlug, Royal Univc-isity of Ireland, late Whitworth Scholar, <Vc 
Contents. — S tresses and Strains. — Elasticity and Fatigue of Materials. — Properties 
of Materials as used In Stmctnrca — Mechanical J.aws relating to Stresses on Structures — 
External Loads on Reams (supporting Forces). — Jk'iidJng JMoiucuts for Fixed Loads, 
—For Aloviug Loads —Shearing Forces on Reams - -Centre of Gravity and Afoment 
of Inertia of Plane Surf.ices. — Internal Stroases on Ueains, Columns, and Long Struts. — 
Braced Girders.— flolliiianu Truss.— Trapezoidal Truss. — Fink Truss.— Warren Girders.— 
Lattice Girders. — Linvillo Trusses — Rraced Glrdi'rs with Curved Flanges. — Cranes. — 
Framework. — Arches. — Roofs.— Dellecl ion of Girders.— Cuiuber of Girders. — Connections 
•-RIvetted Joints. — Punching, Drilling, and Rivetting — Rridges, Loads, 'nd Stresses, 
Foundations and Piers ; Superstructure; Siispi nsion Rridgi's — Movable Rnn ees, Weight 
— Wind Pressure on Structures. — Lifting Tackle. — Specitlc.itions. — FoufHiati6ns of 
Buildings —Index. ' 
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VALUaHLB book of reference." — Mechanical World. 
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Contents. — I ntroductory. — .Applied Forces and Reactions — liquillbniim of a Ream. — 
Stress, Strain, and Elaslicity — Strength of Rictangiiiar Re.uns. — Aiiphcat ions. -Non- 
rectangular Reams. — Shearing Action in Ri ams.— Diagnainsof Shedring Force and Rending 
Moment Strength of Rolled Joists, — Moment of Inertia. -Nunn'ncai Appheations. — 
Experiments on Reams. — Ueflection of Reams. — Types of Girders. — Rraced Girders.— 
Stress Diagrams. — Strength of Cioluinns.— Index. 

“A voty useful source of information. ... A woik which wo commend very 
highly.’*— A^otit/s. 

Fourth Edition, Thoroughly Kevi.seil. Koyal Svo. F'j) i-xxx + 456. 
With 239 Illustrations in the Text, and 13 Lithographic Plates, Hand- 
some Cloth, Price 30s. "» 

A PRACTICAL TREATISE ON 

BRIDGE CONSTRUCTION; 

Being a Text-Book on the Construction of Bridges In Iron and Steel. 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 

By T. CLAXTON FIDLER, M. Inst. C.E., 

Late Prof of Engineering, University College, Dundee. 

CONTENTS. — Deflaltiou8.~Tlie Opposition and Balance of Forces.— Bending Strain.— 
^jDiaphlc Representation of Rending Moments. — Comparative Anatomy of Rndges.— 
afflmbined or Composite Bridges. — Tlitoretical Weight of Bridges.— Dellcctloii.-Con- 
Hl^ous (Riders. — Theoretical Strength of Columns.- -Design and Constniction of Struts 
— Strength imd Construction of Tie's.— Strength of Iron and .Sti el and Stn'ss in Bridges. — 
Jnaad on Bridges. — Movable Load —Parallel (xinlers. — Parallel Girders, Weight of Metal 
— Parabolic Girders, Pol.vgonal Trusses, and Curved Girders —.Suspension Rridges and 
Arches, Flexible and Rigid Constniction. — Bowstring Girders — Rigid Arched Riba. — Con- 
tinuous Girders and Cantilever Undges. — Wind Pn!s«ure.s and Wind Bracing, — ^I ndex. 
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POSITION among professional text-books and treatises as has been accorded to its pro- 
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Third Edition, Thoroughly Revised and Enlarged. Pp. i'Xvi + 227. 
With 60 Plates and 71 other Illustrations, Handsome Cloth, z^s. net. 

HYDRAULIC POWER 

AND HYDRAULIC MACHINERY. 

Bv HENRY ROBINSON, M.Inst.C.E., P^G.S., 

mLLOW OF KINGS COLLBGB, LONDON: PROF. KMKRITUS OP CIVIL HNGINKKRINO, 
KINGS COLLKGK, KTC.. KTC. 

Contents — Discharge througli Orifices. — Flow of Water through Pipes. — Accumulaiori 
—Presses and Lifts.— Hoists — Rams. — Hydraulic Engines. — Pumping Engines,— Capstani. 
— Traversers. — flacks. — Weighing Machines. — Riveters and Shop Tools.-- Pujichiiig, 
Shearing, apd Flanging Machines. — Cranes. — Coal Discharging Machines. — Dt ills and 
Cutters. — Pile Drivers, Excavators, &c — Hydraulic Machinery applied to Bridges, Dock 
•Gates, Wheels and TurOines. — Shields, — Various Inst.allations —Meters.— Index. 

“The st.^ard work ou the application ot w.itcr power.”— Cassier’i Matsazine, 


Stcona Wditiorit Greatly Eidarqed. Pp i-xiv + 33G. IVtih Frontispiece, 
12 Plates, and 279 other l/lmlraltons. 21.<i. stet. 

THE PRINCIPLES AND CONSTRUCTION OP 

PUMPING MACHINERY 

fSTEAM AND WATER PRESSURE). 

With Practical Illustratioua of Knoine.s and Pumps applied to Mining, 
Town Water Supply, Drainage of Lands, &c., also Economy 
and Efficiency Trials of Pumping Machinery. 

By henry HWEY, M.Inst.C.E., M.Inst.Mech.E,, &o. 

“By the ‘one English Engineer who probably knows more about Pumping Machinery 

than ANY OTOKK.' . A VOLIIMB KUCOBOIHO TIIK HB.SULTB OP I ONO KXPKRIENCIC AND 

anrtiT.”— TAe Engineer _ 


In llaiulMimo Cloth, uitli Ibi) Illusti.itions, imludiiig 1 (J Pl.ites, .mil willi 
Many riiblo'-,. Ida Od. net. 

CENTRIFUGAL PUMPING MACHINERY. 

Bv E. W. .SAIUi EANT. 

CoNiENT.s.— ]Iibtorical.— Fundamental rrincinles — PrinciplcH of Design. — The Disc. 
— Pump Casings. — Pattern Making, Moulding, and Machining.- — Various Types of Casings 
—Pumps in Serits — Par,a!hl (.‘i nrnfiig.U Pumps — Charging Aiiparatue — Testing. — Pipe 
Arrangeuicnts ami Vij^^'cs. — Machinery for Drainage and Irrigation.— Sewage Pumping 
Machinery. —MaTtiiiury for Dotks — Tor Salvage of Wrecks — Fire Pumps — Pumps 
driven by Steam Turbines. — Rotary Air Pumps — Pumps for Dredging and Convoying 
Solids. — Cutter (Bar. — Dredgers. — transporter Dredgers — Cost Prices. — Index. 

“The letteiprcss IS tomimiulably lUiii, .as <iu the illustrations , , . siiie to be 

of valuta. '—SJiiphuilifrr. 

In Medium 8vo. Cloth Pp. 1 -xvi + -ITT. \\ ith 34,5 Illustrations. 18 s net. 

lODERN PUMPING AND HYDRAULIC MACHINERY. 

By EDWARD BUTLER, M.T.Mlch.E. 

Contents. — Introductory JlemarkH, — Kirly Direct -act mg Steam Pumping Engines. — 
Waterworks Pumping Lngima, Rotary Cla.ss. — Waterworks Pumping Engines, Direct- 
dieting Duplex Class — Dlllercntial Mon-rotati\e Pumping Engines. — Mine Pumps, 
Force Pumps, and Sinking Pumps.— Suction and Dilivery Valves. — Boring Appliances 
for Artesian 'J’ube Wells — Artesuan Well or Borehole Plunger and Air-flft Pumps. — 
Appliances for Raising Petroleum from ArB-sian or Borehole Wells —BolIer-feed {)^d 
General Service Pumps.— Injectors, Jet Pumps, and Ejectors.— Vacuum and Condenser 
Pumps — Hydraulic l^owcr Pumps, Ram Pump.s, and Steam, Air, and Oas-power Dis- 
placement Pumps. — Fire Pumps and Ifigh-speed Plunger Pumps. — Variable-delivery 
Pumps and Variable Transmission by Hydraulic Power.— Massecuite. Rotary, Oscillating 
and Wind-power Pumps.— Low-lift and Uigh-lift Centrifugal Pumps. — Hydniulic Power 
Wheels.— Index. 

“ This work is a vorifhblo cncyclopeedia . . . with excellent and abundaqp dia- 
grams.’* — Time^Enffinesrtnff Supplement. ^ 

f See also Pr ac tical Hydraul ic s Tor Mining <tud»nti. Prof. J. Park, p. 65 Gen*C^t. 
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In M6diuin"6vo. "With over 800 Pages and over 1000 Illustrations^ 
Cloth. 268. net. , , ■ 

A MANUAL OF CIVIL ENGINEERINO PRACTICE. 

Specialiy Artanged for the Uae of Munioipal and Couhty Bogineera.^ 

By F. NOEL TAYLOR, Civil Engineer. ' . 

Contents.— Ordnance Maps.— Chain SuiTeylng.— Snrveying with Angular Inatiru- 
ments.— Levelling.— Adjustment of Ijistniinents.— Mensuration of Areas. VolumCir 
Ac. — The Mechanics of Engineering, &c.— Beams. — Pillars, Stanchions and Shafting. 
—Design of Structure. —Arches.— Graphio Statlba. — Materials of Construction.— 
Engineering Foundations.— Biickwoik and Masonry.— Walls.— Constructional Car* 
pentoring.— Koad Materials.— Road Construction.- Reinforced Concrete Constiuctlon, 
—Masonry Bridges and River Work.— Hydraulics.— Land Di ainaga,— Pumping Machtuei'y 
ahd Stations.— Tho, Use of Water-Power.— Main Drainage. —Sewage Disposal- RoyaV 
Commission on Sewage Disposal. — Salford Sewage Works.— Sanitation, House Drainage 
and Disinfection.— Refuse Disposal.— Watenvoiks, Preliminary ConslUoratlons and 
Sources of Supply.— Construction. Filtration aiui Purifloatlon.— Wntervorlis.— Dls- 
trlt)Utlon.--Chlmn©y8, Brick and Steel.— Steel Construction ; Stanchions, Vveta and 
Bolts.— Steel Construction; Beams and Girders -Combined Stiiictures in\ron and 
Steel.— Specification.— Electric Tramways. —Appendix.— Index. 

“A veritable mdemecitm . . . would prove an acquisition to the libiary of any 
Municipal Rogineer.’ Srirveyor, 

In Medium 8vo. Pp. l-xl i 313. With o\cr 360 Illustrationa Clotli 12a. 6d, net 

THE MAIN DRAINAGE OF TOWNS. 

By F, NOEL TAYLOR, Civil Engineer. 

Contents. — Maps, Plans, Sections, and Preliminary Considerations. — Principles of 
Hydrat^cs and Hycfrostatlcs. — Calculations In reference to Design of Sewage Works. — 
Practical Construction, Trenches, and 'funnels.— Forms of Sewres.— Ventilation of Sewers, 
—Manholes, Lampholes, Storm Overflows, etc.— Pumping Sewage.— House Drainage.— 
Sewage Disposal from a Theoretical Standpoint.— Sewage Disposal Works.— Special 
OoMtructlons.— Tables.- -Index. 

“The Author may l*e congiatulated on tlie piodintioii of a motIc that (an safely be 
placed In the hands of students, and which will scrv(' as ,v useful giiMo to the nmnicipnl 
enginoer.”- Ytmrs. 

In Medium 8vo. Qoth. Pp. i*xvi + 278. With 116 Illustrations. 158, net. 

MODERN DESTRUCTOR PRACTICE.. 

By W. FRANCIS GOODRICH, Assoc. Inst. C.E., P.LSan. Engrs. 
Contents.— Some Alternative Methods of Refuse Disposal.— Representative 'Types 
of British Destructors.— Systems of Cliarglug Destructors.— Destructors combined with 
Sewage Works. — With Electricity Works.— Refuse Destruction hi' D.A'. — Site.— Specifl* 
cations.— Design and Operation.— Operative Costa —llcsiduala.— Foreign and Oolonlal 
Practice.— Index. 

" Well illustrated and thoionghly up-to-date . . . sliould be in tlio hands of eu'ry 

engineer who is responsible for destiuctor design or maintenance. ”—Swrrpi/«r. 

In Handsome Clotli. Pp. 1-xiii ■+• 160. W ith S Detailed Drawings .uid 
91 lilustiutions in the Text. bs. net. 

R K F u s e: i>isposa]:.. 

By FROP. E. E. MAITHEWS, A.M.Iiret.C E., E.K S E., Ac. 

Content^.— Collection jof House Kt.fuse — Disposal of Refuse. -gi^nvcrslon to ^ 
Manure.— Destruction by Burning —'Types of Destruetois.— 'The MeldiuinuXestinutdi — 
Heenan Destructor.— Other DestiuctoiH.- liawson-Maiifleld Davtnictor.— Installations 
lor Villages, Workhouses, Hospitals, Factoiies, etc.— Cse foi Clinker.-Chlniuey Con- 
struction,— Vacuum Cleaning and Dust Collecting.— I npex. 

“ Absolul(Ay reliable . . . The valnc of aueb a Tieatise to tlic Municipal Engineer 
tatneinbers of Local Authonties and othcis interested in the subject cannot well b< 
^ver-estlmatcd.”— Mimiciyof J&urnal. 

modern SEWAGE IpUWfTc^TIOIL^^ Kershaw, {^^ee page 23 
SEWAGE TBEATMENT. Dunbar and Calvert, 
tRADE WASTE WATERS. Wilson and Calvert. 

•RBACTICAL SANITATION. Dr. Gko. Reid. * 

NANljARY ENGINEERING. Francis Wood. 
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SarBNTBRMTH EDITION. Thoroughly Eevisod and Re-set Throughout, and Greatly 
Bnlat^ed. Large 8vo. Cloth, ftorusely Illustrated. Nearly 1000 Pages. 288. net. 

A MANUAL OF MARINE ENGINEERING: 

Qompriaing the Designing, Construction, and Working of Marine Machinery. 

By A. E. SEATON, M.I.O.E., M.I.Mech.E., M.I.N.A. 

CoMTHMTS.^Qeneral Introduction.— Resistance of Sbli)8 and Indicated Horse-nowcr 
Necessary for Speed.— Marine Engines, their Types and Variations of Design.— Steam 
used Expansively.— Steam used after Expansion.— TnihlneB.— Einciency of Marine 
Boglaw.— Engines, Simpte and Compound —Horse-power : Nominal, Indicated, and 
Shaft or Brake. -Oeneral Design and the Influences which effect it.— The Cylinder and 
Us Fittings.— The Piston, Piston-Rod, Connecting-Rod.— Shafting, Cranks and Crank- 
Shafts, Ac — Foundations, Bedplates, Columns, Guides, and Fianiing. — Condensers. — 
Pumps.— Valves and Valve Gear.— Valvo Diagrams.— Propellers —.Sea-Cocks and Valves. 
—Auxiliary Machinery.- Boilers, Fuel, Ac. , Evaporation.— Boilers ; Tank Bolh i Iiosign 
and Details —Water-lube Boileis.— Boileis Construction and Detail.— Boiler Mount- 
ings and fittings.— Pitting in Machinery.— Staiting and Reversing of Engines, Ac. — 
Weighted other Particulars of Machinery iclating thereto.— Erttcl of Weight, Ineitla, 
and Mi^cntnm ; Balancing.— Materials used liy the Marine Engineer.— Oil and Luhil- 
cants, Bngino Fiiction —Testa ami T'liuls, tlieir Olijects and Methods APPRNDTCKg.— 
Tlie Diesel and other Oil Engines, also Lhiyd's Rules relating to —Valve Gear —CottereU's 
Metiiod of Constructing Inertia Cm ves —.Spare Gear, andBOT. and other Rules.— 
Boilers : B.O.T., Lloyd’i, Admiinlty, Ac.,*c., ItnJesrd.xting to.— Electric Light, Rules.— 
Safety Valves, Rules.— Testing Mateinds, Rules, Ac., Ac.— INPRX. 

“A monuniental work . . . np-to-dftte '' — Marine Eiighieei. 


TWBLf’TTi Edition, Thoroughly Revised Throughout and Enlarged. 

I’ockot-SIze, Leather. Pp i-xix i- 713. 88 6d not, 

A POOKET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

For the Use oT Marine Engineers, Naval Architects, Designers, 
Draughtsmen, Superintendents, and Others. 

With uanoiis Lloyd s, D.O 1., Bureau Venta^, and Oeiman Governmeni Rules. 

By a. K. SEATON, M.In.st.C.E,, M.T.Mroh.E., M.I.N.A., and 
H. M. KOUNTHWAITE, M.r.^fECii.E., M.I.N.A. 

Contents, — P rime Movers on Sliipboard. — I'-ngmo Power Measurements. — Efficiency 
of Marino Machinery. —Propulsion of Ships and Resistance. — Cornponnd EiiKinoB.— Steam 
Expanding and lining Work.— Piston Speids .iiul lit volutions of Eiiginrs.— Cylinders. — 
Pistons — Piston Rods, Connecting Rods — Shafting. — Thnist Shafts and Blocks.— 
Stem Tubes. — Main Bc.armgs of Crank Shafts. — Coridt users. — Air Pumps. — Cooling Water 
Pumps.— Foot i and oUkt I’nrnps. — Bilge Pumps, Pipis, and Fittings.— Pump Levers and 
Gear.— Slide Valves for Steam Distribution, etc — Valve Gears— Reversing Gears for 
Valve Motions —steam Tundng Gears.— Screw I’ropt Hers. — Paddle-wlieel Propellers. — 
Sea Valves for Water .Supply. — Steam Turbines.— Internal Combustion Engines. — Motor 
Boats, etc, wing #itrQl — Suixirheated Sttani. — Skin Fittings and Valves.— Results 
of Trials of Enginefa — Wire Gauges. — Copper Pipes. — Wroughtdron Pipes.— Copper 
Pipe Flanges and Fittings. — Bronze and Cast Steel Pipes. — Plpi'S in Genernl. — Stop and 
Regulating Valves. — Balancing Engines. — Geometry of Balancing Engines. — Boilers : 
their J'ittings, I’roportion, Construction, Evaporation (B.O.T. Rules, itc.). — Boiler 
Mountings and Fittings.^ — ^li'nniace Fittings.— Engine and Boiltr Suitings. — Steam 
Trawlers. — Surveys of Machinery. — Spare Gnir.-^haius and Ropes. — Strength of 
Materials. — Strength of Materials, Composition and Cost.— Plates, Bars, BeamA Girders, 
etc. — Oils and Lubricants, — Miscellaneous Tables and Rules. — Distances of Various 
Porta apart — Indkx. 

" The best book of Its kind, both up-to-dato and reUsble.”— Engineer. 


In Largo 8vo. Handsomo Cloth. With Frontispiece, <1 Plates, 65 Other Illustrations, 
iiiui 60 Tallies. 12 h. 6il. nCt. 

SCREW RRORE EXiE r 

And other Competing Instruments for Marine Propnlslon. 

By A. E. SEATON, M.Tnst.C.E., M.I.Mech.E., ^.I.N.A. 
CoNTEifTS. — Early History of Marino Propellers. — Modem History of Propf'llers. — 

' Resistance of Ships. — On Slip, Cavitation and Racing. — Paddle Wlieels. — HydrauRo Pro- 
pulsion. — Tlie Screw Propeller; Thrust and lifflciency.— Various Forms of Propeller."— 
Number and Positions. — Blades, Number, Shape, etc.— Details of Screws.— Pitch of 
the Screw.— Materials. — Trials and Experiments. — I ndkx, 

“ Contains all that is^eCUl to know about the screw propeller. . . - ThoroUglily 
, .up-to-date.’’— AfeowsAtJ. ^ 
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Fifth Edition, Revised and Enlarged. Pp. i-xxiii + 639. With 
243 Illustrations. Large 8vo, Handsome Cloth. 25s. net. 

A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, Kl Ins'i.C.E., M.Inst.Mkch.E. 

Revised throughout by T. Graves .Smith. With important New Matter 
by Prof. Bdrstall. 

CkINTBNTS . — Part I ; Oas En{fines . — General Description of the Action and Parts of 
n Gas Engine. — Heat “ Cycles " and ChissjAc itiou of Gas Engines. — History of the Gas 
Engine. — The Atkinson, Griffin, and Stockport JCnglncs, — Tho Otto Gas Engine. — 
Modern British Gas Engines — Modern French Gas binglnes. — Geman Gas Engines. —Gas 
Production for Motive Power. — lUiliwitlon of Blast-furnace and Coke-oven < Gages for 
Power.-— Theory of the Gas Engine. — Chemical Composition of Gas in a OwJmder. — 
Utilisation of Heat in a Oas Engine — Explosion and Comhustlou Part II. : r^trohum 
— 'Discovery, Propc-rticB, and Utilis.ition of Oil. — Oil Testing, Carburetters Early 
Oil Engines. — Working AUthods -Tlie Pnesimun Engine — Otlier BritiHi Oil Engines -- 
Aracrioan Gas and Oil Engines — French and Swiss, Oil I'.nginea.— German Oil Engines.'— 
Applioitions of Oas and Oil Engines. J’arl III. ‘ Air ysr’n^mcs.— Appendices. — iNunx 
“ A '.ery much up-to-dato chissic."- Dmhj Telegraph 


Seventh Edition. In Handsome (Jloth. Pp. i-x + 190. With 76 
Illustrations, includni" .'I Folding Plates. Ss. Od. not. 

AIEIRO ENGINES. 

with a General Introductory Account to the Theory of the Internal 
Combustion Engine. «■ 

By G. a. BURL‘D, M.Inst.C; K., 

OknBRaI, Contents. — Weight ; Cycles ; Efficiency. — Power and Efficiency. — Aero 
Engines, Necessity for Lightness, etc., etc. — Horizontal Engines — ILidial Engines — 
Diagonal or “ Veo” KnguuA — Vertical Engines. — Itotary Engines. —Appendix. — Index. 

“ This cxcollciit and useful work . , . n most \ liiinlilc flieoittn al basis for practi- 
cal training. As a woik of reference it is at piesent uniipit."— Anojifli/fu’s. 


In Handsome Cloth. Pp, i-x + 303, With Plato and 
178 Illustrations. 128. 6d. net. 

Internal Combustion Engines and Gas Producers. 

By C. W. ASKLING, M.E., and E. ROESL^R, M.E. 

"Internal combustion engineers will do well to add this volume to tholr llbiary of 
text-books ,*’— and Oil Power. 


In Demy 8vo. Pp. i-xiv -P 237- With Illustrations. 8b. 6d. net. 

EVOLUTION OF THE 

INTERNAL COMBUSTION ENGINE. 

By EDWARD BUTLER, M.I.Mecu.E. 

OBNERAL Contents — Introductory. — Caloric Engines — Constant-pressiire Engines.— 
Free-piston Engines. — Non-compression Engines. — Compression of Mixture. — Four-stroke 
Engines.’— Uoraova I of Inert Gases — Two-stroke Engines. — Compound Explosion Engines, 
— The Thermodynamics of Int. Comb. Engine.— DilDcuitlcs of the Turbine Principle. — 
Valf'Cfl.— Mixing and Governing and Carburcttlng. — Ignitlon.—Starting and Reversing. — 
Evolution of the Internal Combustion Engine.— Industrial oil and Gas Englne8.~Large- 
power Engines.— High-speed Engines. — Rotary and Revolving Cylinder Engines. — Single- 
tleeve or Liner Valves. — Cooling and Lubricating.— Inj>kx 

** The Author’s experience gives him excellent qnaliflcations for tho task ho has under* 
taken , . all who arc interested In the practical working of combustion engines 
wJU find this volume Interesting and worthy of a place on their bookshelf ." — Meohanical 
Engineer. ^ 

tiONDpN : CHARLES GRIFFIN & CO.*, LTD., EXETER STREET, STRAND. « 



. ENOINBERISG 4m MEGHANICS. 

By ANDREW JAMIESON, MJnst.CE., M InstE.E. 


Seventeenth Edition, Revised. With over 800 Pages, over 400 
Illustrations, and 12 Plates. 10s. 6d. 

A TEXT-BOOK ON 

STEAM & STEAM ENGINES, 

INCLUDING TURBINES AND BOILERS. 

Specially arranged for the use of Engineers qualifying for the Institution 
of Civil Engineers, the Diplomas and Degrees of Technical Colleges 
arwl Universities, Advanced Science Certificates of i^ritisb and Colonial 
. poards of Education, and Honours Certificates of the City and Guilds 

^of London Institute, in Mechanical Engineering, and for Engineers 
generally, 

Gbnkhal Contents. — E arly J^'orms of Steam linglm*. — ^Terapcraturo, Thermometry, 
Pyrometry, — Quantity of ilcat, Thermal UnltH, Jablefl, {’alonmeters, Specific Jlaats 
of Gases .and Steam — Difiusion, Radiation, etc., of Steam, Ebullition of Water, — Nature of 
Heat, Conversion of Work into Heat, First Law of Thtnnodynamics, The B.T.U.— 
Sensible and Latent Heats of Water and Steam. I’cmperaturc and Pressure of Steam. — 
Pressure and Vacuum Gauges. — Evaporation and Oonden8.atlon — Jet and Surface Con- 
densers. — Work. — Generation of Steam In a Closed Vessel. — Boyle's J,aw, Watt's Diagram 
of Work. —Charles's Law. — Absolute Zero. — Adiabatic Expansion.— Heat Engines, 
Carnot's Principle. — Entropy and The rmodynamits.— T ap and Lead of a Valve, Admission, 
Cut-off, etc.— Zeuner's Valve Diagrams. — Behaviour of Steam in a Cylinder. — Loss between 
Boiler and Cyllnder.-*-Steam Jacketing. — Superheated Steam.— Cushioning.— Compoimd- 
Ing. — Watt's, Crosby, and otlief Indicators, Indicator Diagrams. — Nominal and Indicated 
H.P , Brake il.P., Apparatus for llndiug H.P. — Cranks, Counectlng-rods, and other 
Moving Parts, Effe ct of Inertia of ; Crank Effort Diagrams.— Stationary Engines. — Corliss 
Valve Gear. — Lubrication. — Wlllaus' Engine. — Marino Engines. — Paddle Wheels. — 
Tire Screw Propeller, Pitch, Angle, Slip, Thrust, etc , etc.— Triple-Expansion Engines 
Quadniplo-Expansioii Engines. — DETAirs oif Enciine ; Valves, Pistons, Crossheads, 
Bearings, etc., etc.— Pumps — Condensers.— S team Tuiujinbs : Definition, Types, Speed 
of llotor. Steam Consumption, Stresses, Balancing, etc., etc. — Mathematical Explanation 
of Heat Units, Work done, etc., ote., as expressed for Ideal Steam Engines, with Special 
Reference to Turbines,— Exam pli'S of Typi s of Turbines.— B oipeks : Vert, leal. Horizontal; 
Cornish ; Lancashire ; Water Tulio ; Bi llcville ; Yarrow, etc., ttc. — Forcod Draught, — 
Mechanical Stokers. — Materials In Boiler Construction.- Joints, Stays, etc, — The Loco- 
motive Engine, Injectors, Compounding, Elficiency, etc. — APrENDlOES — INDEX. 

**• Contains many Board of Education and City and Guilds Questions and Answers, 
also all the Inst. C, jj;. Exams, ever set. In The Theory of Ileal Engines, up to time of publi- 
cation. 

" The best book yet published for the use of students.” — Engineer. 

" We consider tire volume a splendid text-hook for all readers.” — Marine Engineer. 


Ninktkbntu Edition. Leather, Pocket Hizo, with 810 pages. Cs. net. 

A POOKET-BOOK OF 

ELECTRICAL RULES AND TABLES 

FOR TEE USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Pkok. JAMIESON, M.Inst.C.E., F.R.S.E. 

General Contents.— Electrical Engineering Symbols.— B. of T. Stanfiards of Measure- 
ment. — Units of Measurement. — Weights and Measures. — Testing. — Conductors. — 
JDlolectrics. — Telegraphy. — Telephony.— Radio or Wireless Telegraphy. — ISIoctro-chemlstry 
and Metallurgy. — Kontgen Raya. — Batteries. — Dynamos and Motors. — Transformers. — 
Lighting. — Wiring Rules (Lighting and Tramways). — Miscellaneous. — Magnetic Moasure- 
monts,— Logarithms.— Index. 

" WONDBHFULLY pERFEOT. . . . Worthy of tho highest commendation ws can 
give It," — Eleetrieian.^ * 


LONDON? CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND. 

a2* ♦ 



GBARLB8 ORIFFIN A 00/8 PDBIJ0ATI0N8. 


lO 

By ANDREW JAMIESON, M Inst C.E , M lnstE.E* 


XMr'X':EKoi>xxcrroxc'V’ 

FotTfiTKEOTH Edition, Revised and Enlarged. Pp. 1-xv + 376. 38. net, 
AN ELEMENTARY MANUAL OF 

HEAT ENGINES: STEAM, GAS AND OIL. 

Specially arranged for First Year Students under all Beards of Education, 
City and Guilds of London Institute, Colonial and other Engineering 
Students, 

Rkvisei) nv EWART S. ANDREWS, B.Sf., 

Lecturer in the Engineering Department oi the Goldsmiths’ College, 
New Cross. ^ 

Abridced Contests. — E lementary 3Ien3uratlon.-~Wcights and Meaaiireg.li-Ther* 
moraetry. — Heat. — Evaporation. — Ebullition. — Work. — Prcasiire and Tainperati/jrs hi 
8teara — Properties of Gases. — d’ho Part.s of a Steam Enjtinc.— Valves and their Soiting. 
— Indicators. — Single and Compound Engines. — Detitlla of Euglnea, — Valves and Fittings, 
—Condensers,— Crank Shaft. J3c.arlng8, etc., etc. — Boilers and Boiler Mountings.— Loco- 
motives. — Xiirblmie. — Gas Engines. — Oil Engines. — A itcndiovs. — Index. 

" This is the best elementary manual, and is indispensable.''— 5/eam?Afp. 

TjcnthEdition, Thoroughly Revised and Enlargefl. Pp. i-xix4 462. 38. 6d. 
AN ELEMENTARY MANUAL OP 

iLPPx:^i£:i> iyi£:cH;AN^xcs. 

Specially arranged to suit tho.S 0 preparing for the Institute of Civil Engineers; 
Royal Institute of 13riti.sh Architects; City and Guilds of London 
Institute; British and Colonial Boards of Education, and all lands 
of First-Year Engineering Students. 

Rkvisicd r.v EWART S. ANDRE W.S, 

Lecturer in the Enginoeniig Department of the ( iold.smitlis' College, 
New CriHS. 

Abridqkd Contbnts — F orce. — flatter. —Scale and Vector Qu,iut,itif,s — Work, Lfnlts 
of Work. — Afoment of a Force, Couples, etc , etc — Practical Applications of tho Lever, 
Balance, etc,, etc.~The Princiide of Work, Work Lo.st, Useful Work. — PulleyB, Blocks, 
etc,, etc. — Wheel and Compound Axle — Gnphlc Demonstration of Three Forces In 
Eqallibrlum.— Cranes — Inclined Planes - -Friction — Be-arings.— Driving Belts. — Winch 
or Crab. — Jib Cranes — Screws, Spiral, Helix, etc. — Whitworth Stand.ard. — Backlash in 
Wheel and Screw Gearings — Endless Screw and Worm Wheel, etc -Screw-Cutting Lathe, 
— Hydraulics, — Hydraulic M.ichuKs. — Motion .and Velocity. — Ihiel^y.— FiOpertios of 
Materials. — Stresses in Chains, Shafts, etc., etc. — Universal Joints. .Sun and Planet Wheels, 
— Reversing Motions — Measuring Tools. — Limit Gaugca. — Appundices, — Index. 

“ No better book on the subject has hitherto been I'ublishod ." — Railway Oflitia 
Gazette. ' 

Eighth Edition, Thoroughly Revised and Enlarged. Pp i-xv + 398. 3s. Od. 

A PRACTICAL ELEMENTARY MANUAL OF 

UKAGNEIXISIMI AViiy £:r.£:C'rPICIT<Y, 

Specially arranged for tho use of Science Te.achors and Students in. Great 
Britain and the Colonics, and for other Electrical StudontB. 

ABRIDUBD Contents. — Magnets, Natural, Permanent.- — M( thods of making Jlagnots. 
— Linos of Force^Moieculiir Theory of Magnetisation. — Magnetic Induction. — The Earth 
*9 a Magnet,— Jifarlncrs' Compa.sB. —Units of Aloasurement —Electrical Units. — Electro- 
Magnttlsm. — Magnetic Field due to a Current.- -Solenoid. — Galvanometers. — Polarity 
to Current. — Magnetis-ition by Electric Current — Electro-dynamics. — Electro- 
magnetic Induction. — Ohm’s Law. — Primary Batteries. — Conducloni and Resistance. — 
PolArisation of a Cell. — Electrolysis. — Static Elcctrlcit.v. — Positive and Negative Eleotrl- 
flcatlon.— Conductors and Insulators. — Induction, — Charges on a .Surface, — Frictional 
MtchineB. — Pofcential.—Condenscrs. — Loydon Jar.— Gold Loaf Elootrosoope. — Volt- 
me^ra.—ArMiSDic]cs.— INDEX. ' 
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' ENGINEERING AND MEGHANICS. 

• 

By ANDREW JAMIESON, MJustX.E., M.InstE.E. 


In Five Volumes Large Crown 8vo. Each quite complete in itself, 
and sold separately. 

A TEXT-BOOK OP 

APPLIED MECHANICS 

AND MECHANICAL ENGINEERING. 

Specially arranged for tho use of Engineers qualifying for tho Institute 
of Civil P:ngineers, tho Diplomas and Degrees of Technical Colleges 
and Universities, Advanced Science Certificates of British and Colonial 
Boards of Education, and Honours Certificates of the City and Guilds 
of^ London Institute, in Mechanical Engineering, and for Engineers 
^5nerally. 


la. not. 


VoiuMEl. Tr.NTH Edition, Revised and Enlarged. Pp. i-xviii+400. 

MKCUAXmiCS. 

Rkvised by EWART S. ANDREWS, B.Sc. 

Content a.— DcflnltJons of ISTattor and Work.— Diagrams of Work.—Moraents and 
Couples — rrinclplc of Work applied to Machines.— Friction of Plane Surfaces.— Friction 
of Cylindrical Surfaces and Ships. — Work absorbed by Friction in Bearinas, etc.— Friction 
usefully applied by Clutclies, Brakes, and Dynamometers.— Inclined Plane and Screws 
—Velocity and Acceleration.— Motion and Energy.— Kncrgy of notation and Centrifugal 
Force. — ArPRNiiioES, — I ndex. 

Indispensable to all students of engineering.*’ — Steamship. 


Volume TI. Ninth Edition, Rovisnd and Enlaiged. Pp. i.xviU-|-314, fis. 

STRENGTH OF MATERIALS. 

Kbviskd IIY EWART .S ANDitEW.S, B.Sr. 

CONTLNTS.— Stress and Strain, and Bodies under Tension —Strength of Beams and 
Girders — Denectiou of Beams and Girders Strength of Shafts.— Strength and Elasticity 
of Materials.— Testing.- Stress-Strain Diagrams and FJastlcity of Materials.— Strength 
and F.lasticitv of Columns. — ,\pi*iiiNr)icES — Index. 

*‘ The author is to be congratulated upon the care he bestows In keeping bis works 
flystoniatically up to date .” — Practical Engineer, 


Volume III. Eiqiitii Edition, Thorouglily Revised. Cloth. 

Pp. i-xviii -|- 2G0. 6s. 

THEORY OF STRUCTURES. 

Contend.— F iUtned Structures —Boof Fr.imes, — Deflcient Frames,— Cranes,— Beams 
and Girders — AITKNdiObs.- -Index. 

“We heartily recommend this book.” — Steumihip. 


A^olume IV, Ninth Edition, Roviaod. Pp. i-xvi q- 324, 6s.net, 

HCYDRAXJI-ICS. 

Contents.— Hydrostatics —Hydraulic Machines.— Efficiency of Maohlnes.— Hydraulic 
Appliances in Gas Work-s. — Hydrokmetics.— Water Wheels and Turbines.— Refrigerating 
Machinery and Pneumatic Tools. — Appendices. — Index. 


Volume V. Eighth Edition, Revised. Pp. i-xx 4- 626. T."?. 6d. 

TMCHiORY OF ]V1:AC£CX]N£:S. 

Contents. — Loci and Point Paths. — Kinematic Pairs, Links, Chains, etc.— Cranks 
and Parallel Motions. — Chains and Poaucclller Mech-anlsms, etc. — Kinematics, Centres 
and Relative Velocities.— Miscellaneous Mechuiusnis. — Reversing and-Retnrn Motions, 
etc.— Efficiency of Machines, — Wheel Gearing and JSIectrtc Driving. — Friction and Wedge 
Gearing, with Power Transmitted. — Teeth of W’hoels, — Cycloidal Teeth. — Iwcoluto 
Teeth, Bevel and Mortice Wheels, etc. — Friction and Strength of Teeth In Gearing. — Bolt, 
Rope and Chain Gearing, — H.P. Transmitted by Belt and Rope Gearing. — Inertia Forces 
of Moving Parts and Crank Effort Diagrams of Reciprocating Engines.— Appendices. -- 
Index 

'* So well known that we need only commend it to new readers as one of the most 
lucid and instnictive^xt-books extant.” — Electrical liexn^ew. , 
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LEGAL DUTIES OF SHIPMASTERS. By Benedict W. Ginsburo. Third 
Edition, Very Thoroughly Revised. Price Ba . 

A MEDICAL AND SURGICAL HELP. For Shipmasters and Officers in the 
Royal Navy. By W. Johnson Smith. Fourth Edition. Reused 
by Arnold Chaplin (of the P. & O, S. N. Coy,). Price 6s. net. 
KNOW YOUR OWN SHIP. By Thos. Walton. Thirteenth Edition. 
Revised by John Kino. Profusely Illustrated. 7.s. 6d. not. 


OTHER WORKS OF INTEREST TO SAILORS. 

NOTES ON THE PRACTICAL DUTIES OF SHIPMASTERS. By Capt. 

W. Harry Wilkes. Price 2s. 6d. not. 

DEFINITIONS IN NAVIGATION AND NAUTICAL ASTRONOMY. By 

P. Groves Showell. Price 2s. 6(1. not. 

ENGLISH SPANISH AND SPANISH ENGLISH SEA TERMS AND PHRASES. 

By Fleet-Paymaster Graham-Hewlett. Pocket Size. Price 3s. 6d. net. 
HYDROGRAPHIC SURVEYING. By Comm.ander 8. Messum. -With 
Coloured Plates and Numerous other Illustrations. PrTce 12a. net. 
NATURE NOTES FOR OCEAN VOYAGERS. By Captain A. Carpenter 
and Captain D. Wilson-Barkkb. J'rioo 58. net. 

THE PREVENTION AND TREATMENT OF DISEASE IN THE TROPICS. 

By E. S. Crmpin, M.R.C.S. In Cloth. Price la. net. • 
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Ore and Stone Mining. Foster and Cox, . . . Net 28s. Od.. 

Elements oi Mining and Quarrying. Foster and Cox, . Net 7s. 6d. 
Methods of Air Analysis. J. S. Haldane, . . . Net 5s. Od. 

The Air of Mines. Cadman and Haldane, . . . .At Press. 

Text-Book of Coal-Mining. H. W. Hughes, . . . Net 24s. Od, 

Praotical Coal-Mlnlng. G. L. Kerr, .... Net 123. 6dJ 
Elementary Coal-Mlning. G. L. Kerr, . . . Net Sa. 6d. 

Treatise on Mine Surveying. B. H. Brough, . . . NetVod 

Effects of Errors In Surveying. H. Briioos, , . . Not 5s. pd. 

Theodolite Surveying and Levelling. J. Pajcr, . , Net 10s. 6d. 

Practical Surveying and Field Work. V. G .S.\lmon. . . At Press. 

Mining Geology. IVof. Ja.s. 1'ark, Not 6s. Od. 

Text-Book of Geology. Prof. Jas. Park, . , . r'Jot 153. Od. 

Modern Mine Valuation. M. H. Burnham, . . . Net lOs. Od. 

Mining Law of British Empire. C. Alford, . . . Not 8s, 6d. 

Mine Accounts and Book-Keeping. J. G.Lawn, . g. . 10s. 6d. 

Mining Engineers' Report Book. F. R. Field, . , . 33 6d. 

Spanish-English and English-Spanlsh Mining Terms. E PTalse, Net lOs. 6d. 
Prospecting for Minerals. Prof. S. H. Cox, .... 5s. od. 

Mineralogy of Rarer Metals. Cahen and Wootton, . Not 6s Od. 
Shaft-Sinking in Difficult Cases. J. Htemer, . . . Net lOs. Cd. 

Blasting ? and Use of Explosives. O. Guttmann, . , . lOs. Od. 

Testing Explosives (New Methods). C. E. Biohel, . . Net Os. Od. 

Practical Hydraulics for Mining Students. Prof. J. Park. Not 12s. 6d. 
Electrical Practice in Collieries. Prof. Bo jins, . .*• N-^t 7s. Od. 

Compressed Air Practice in Mining. D. Penman, . Net 5s. Od 

Cyaniding Gold and Silver Ores. Julian and Smart, . Net 21s. pd. 
Cyanide Process of Gold Extraction. Prof. J. Park, Not 83. Od. 

Getting Gold. J. C. F. Johnson 3s. 6d. 

Gold Seeking in South Africa. Theo. Kassner, . . . 4s. Od. 

Bibliography of Mineral Wealth and Geology of China. C. Wang, Net Sa. Od. 
Sampling and Assaying of Precious Metals. E A. Smith, Not 16s. Od. 
Stratlgraphical Geology and Paleontology. Etheridge, . . 34s. Od. 

A Text-Book qjt Geology. Prof. J. Park, . . . Not 15a Od. 

Geology lor Engl^rs. Lieut.-Col. Sorsbie, . . . Not lOs. 6d. 

Aids In PractfSal Geology. Prof. G. Cole, . . . lOs. 6d. 

Open Air Geology Prof. G. Cole, Sa. 6d. 

The Earth : Ite^nesis and Evolution. A. Swaine, . Net 7s, 6d« 
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WOIBKIS 

SIR CLEMENT LE NEVE FOSTER, D.Sc., F.R.S. 


Sixth Edition. Pp. i-xxx + 799. With Frontispiece and 712 Illustrations. 
Price 28 fl. net. 

ORE & STONE MINING. 


By Sir C. LE NEVE FOSTER, D.Sc., F.R.S., 

LATH PROFHSSOR OF MINING, ROYAL COLLBCB OF SCIRNCH. 

Revised, and brought up*to-i>ate 
. By Prof. S. H. COX, Assoc.R.S.M. 


GENERAL CONTENTS. 

INTRODUCTION. Modeof Occurrence of Minerals.— Prospeetinfl'.—BorlnB. 
—Breaking Ground.— Supporting Excavations.— Exploitation.— Haulage or 
Transport.— Hoisting or Winding. — Drainage.- Ventilation. — Lighting.— 
Descent and Ascent.— Dressing— Principles of Employment of Mining Labour. 
— Legislation affecting Mines and Quarries. — Condition of the Miner.— 
Accidents.— Index 
« 

“ We have seldom had the pleasuie to review a work so thorough and complete n> 
the present one Both In manner and in matter it is KAii superior to AXTTHINQ ON 
ITS aPEOIAIi SOUJLOT HITIIKRTO pruLisnEi) IN Enolanu. —Athenontm. 

j work the acknowledged text-book on metal mining In Great Britain 

and the Colonies, hut that it is so legardod in the United States of America is evidenced 
by the fact that it i%the book on that subject lotonimended to the students In most of 
the mining schools of that country.”— J'/ie Tnneg 


Tuiuu iCuiTiON, Revi.scd. In Crown 8 vo. Pp. i-xviii + 323. Handsome 
Cloth. With nearly ilOO Illustiations, Price Ts. 6d. net. 

THE ELEMENTS OF MINING AND QUARRYING. 

An Introductory Text-Book for Mining Students. 

By Sir 0. LR NEVE FOSTER, D.Sc., F.R.S., 

Late Professor of Alining at the Royal College of Science. 

Uevittod by I'rof. «. H. Cox, A.R.S.M., &c. 

G-bner^. Co)^'ENTs. — Introduction. — Occurrence of Minerals. — Pro* 
Bpectiug.— Boring.— Breaking Ground.— Supporting Excavations.— Exiiloita* 
turn. — Haulage or Transport. — Hoisting or Winding.— Drainage —Ventilation 
- Lighting — Descent and Ascent. — Dressing, &.c. — I ndex. 

‘•A remarkably clear survey of the whole field of mining operations.”— A^nfirtnecr. 

" Rarely does It fall to the lot of a reviewer to have to accord such unqualified praise as 
this book deserves . . . The profession gouerally have every reason to be grateful to 
Sir C. Le Neve Foster for having enriched educational literature with so admirable an 
•lemeutary Text-biMik ." — Mming Journal. 


In Crown 8vo. Handsome Cloth. Pp. i-xii-f 300 . Ss. Gd. net. 

MINING LAW OF THE BRITISH EMPIRE. 

Bt CHARLES J. ALFORD, F.G.S., M.Inst.M.M. 

CONTBNTH.— The Principloa of Mining Law. — The Mining Law of Great 
Britain. — British India. — Ceylon. — Burma. — The Malay Peninsula- — British 
North Borneo.— Egypt. —Cyprus. —The Dominion of Canada. — British 
Guiana.— The Gold Coast Colony and Ashanti. — Cape of Good Hope. — 
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia, — New Zealand, &g. — Index. 

“ Cannot fall to bf useful . . . we cordially recommend the book.’'~Jtfining PorM. 
— • 
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OHARLm (^RJFfJN A OO^S PtUSLIOAT^OAf^,. 

WORKS ON CQAL^miNING. 

SrxTH Edition Pp. i-vii+663. With 4 Plates and 690 Illuatrationt, 
Price 248. net. 

A TEXT-BOOK OF COAL-MINING: 

FOK THB USB OF COLUBRY HANAOBRS AND OTHBRS 
BNOAQBD IN COAL-MININB. 

By HERBERT WIEEIAM HUGHES, 1’.G.8., 

Asioc. Iloy»l Sthool of Mints, Qoiieral Manager ofSaudwoll Paik Colliery, 

General Contei^ts. — Geology. — Search for Coal.— Breaking Ground. — 
Sinking.— 'Preliminary Operations. — Metliods of Working.—Harflage.— 
Winding. —Pumping.— Ventilation.— Lighting.— Works at Surface. — Pre- 
paration of Coal for Market.— Index. ^ 

"QultoTH«BBsr BOOKof Itskinl , . . as ruACTiGAL ill aim as a book C.U1 be . The 
miwtr»tlcina a^e BXCiii.tBNT.”— A/At xirwm. 

"We cordially lecommend the work '—Colliei y Omidiun. 

"Will soon come to be roganled is Ibe stand a kd work of IIh kind,’ DuMinffham Daily Oazette 


Fifth Edition, Thoroughly Kevised and Greatly Enlarged. Keyset 
throughout. Large Crown 8vo. Handsome Cloth. Pp. i-xi-f778. 
With 755 Illustrations. 12s. 6d. net. 

PRACTICAL COAL-MINING: 

A MANUAL FOR MANAGERS, UNDER-MANAGERS, 
COLLIERY ENGINEERS, AND OTHERS. 

With Worked-out Problems on Haulage, Pumping, Ventilation, dke. 

Bv GEORGE L. KERR, M.E., M.Tnst.M.E. 

Contents —Sources and Nature of Coal. — Search for Coal.— Siaking. — Exploslvce.— 
Meohanical Wedges, Bock Drills, and Coal CiiWitig Machiiies. — Coal Cutting by Machinery, 
— Transmission of Power. — Modes of Working. — Timbering Roadways. — W'indlng Coal. — 
Haulage. — Pumping. — Ventilation. — Safety Ijuuns. — Rtsciin ApYjaralua, — Surface 
Arrangemente. Coal Cleaning, etc.— Surveying, Lovclling, and Plana.— Index. 

"Tills is one of the best Known treatises on the technical aspict of the Coai-Mining 
Industry ... the book is an admirable one, and may be placcd%'itb efflifldence in 
the bonds of all studehts of coal-minlng.” — Mining Journal. 


Fourth Edition, Revised. In Crown 8vo. Handsome Cloth. 

Pp. i-vii-f225. 3s. (5d. net. 

ELEMENTARY COAL-MINING; 

FOR the use op students, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Tnst.M.E. 

e 

Contents.— Sources aud Nature of (joal.— Exploration and Boring for 
Coal. -^Breaking Ground. — Explosives, Blasting, «c. — Sinking and Fitting 
-of Shafts.— Modes of Working. — Timbering Road ways. — Win ding aoa 
Drawing.— Haulage.— Pumping and Drainage.— Ventilation.— Cleaning and 
...Sorting Coal— Surveying, A;c. 

' '"Atr abundance of Information conveyed ill a popular and attractive form. . . . Will, b* 
' all who are tn any way interested In coal mlnt.ag.' —Soottiah Critic. 
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aV^VMnNQ Am MINE VALUATION. r; 

Fourteenth EOition^ Revised. Greatly Enlarged, Pp. i-xviii + 477 . 
Re-set. Widi Numelous Diagrams. Cloth. 7 s. 6 d. net. 

A TREATISE ON MINE-SURVEYING: 

For the use of Managers of Mines and Collieries, Students 
at the Royal School of Mines, do. 

By BENNETT H. BROUGH, Assoc.R.S.M., F.G.S. 

Revised and Enlarged by HARRY DEAN, M.Sc., A.R.S.M. 
Contents.— G eneral Explanations. — Measurenunit Of DistHuccH,— Chain Surveying.— 
Traverse Survey iriK.— VariutlonH o ftho Magnetic-Needle — boose-Needlc Traversing,— 
Local Variations of the MagnoUc-Necdle — The German Uial.— -The Voiniei Di.il.— The 
Theodolite. — Fixod-Needlo Traveising — Suifacc-Surveying ivitli the Theodolite —Plot- 
ting the Survey. -Plane-Table surveying — C.ilcnlatiou of Areas.— Levelling.— Under- 
ground apd Surface Surveys — iMtasnring Distances by 'J'elescope -Setting-out.— Mine- 
Surveying Problems —.Mine -Plans. —Apidbatiouf. of the Magnctic-Needle in Mining.— 
Photographic Siuvcying. — A pI'KNWCEs. — iNiiKX. 

‘iThc last word on the subject of niine-Burveying . . . the new edition is .1 
masterly production.”— A/oitnj; World. 

In llaudbouic Cloth. I'p. i-xi + 179. Fully Illustrated. Tm. not. 

THE EFFECTS OF 

IN SURVEYING, 

By IIENRY^ BRIGGS, M.Sc. 

Contents. — I ntroduction. — Analysis of Error. — The Best Shape of TrlanglcB. — 
Propagation of Error in Traversing —Application of tiie Methods of determining Average 
Error to certain Probic ms in Traversing. — Propagation of Error in 31lnor TriaugulatIon.~ 
Summary of llc3uit8.-*-APPKm>ix.-~JNDEX. 

' Likely to be of the lu>,hoot scivice to auiveyois . . . it is a most able 

treatise.”— /uw/tncc'r. _ 

Tiiiui) Edition, llioroughly Rev isod and greatly Enlarged. In Crown 
8 vo. Pp. i xiii i-430. KaudHome Cloth. Fully Illustrated. lOs. Od.uet. 

A HANDBOOK ON 

THEODOLITE SURVEYING AND LEVELLING. 

For the use of Students in Land and Mine Surveying. 

By Puofessor JAMES PA UK, F.G.S. 

CONTENTS.-— Scope and Object of Surveying — Theodolite.— Chains and Steel Bauds — 
Obstacles tii^Aligunicnt. — Meridian and Biarings — Tlicodolite Traverse,— Co-ordinatei 
of a Statiom — Caicnlation of Omithd or Connecting Line In a Traverse. — Calculation of 
Areas.— -Subdivision of J„ind — Tnnugulation. — Detcnulnatioii of True Meridian, Latl- 
tode, and Time — Levelling. — Railway Curves. — Mine Surveying. — I ndex. 

"A book tthith should yiov'e us useful to tin piolehsional siuvcyor as to the 
student.”— A'af are. 

In Handsome (^loth. With Diagrams. 

PRACTICAL SURVEYING AND FIELD-WORK. 

including the Mechanical Forms of Office-Calculations, 

By victor G. SALMON, M.A. 

For Contents see jtago .il General Catalonm. 

In Medium 8 vo. Fully Illustrated. Pp. i-xi + 160. l^s, Gd. net. 

MODERN MINE VALUATION. 

By M. HOWARD BURNHAM, B.Sc., M.A.I.M.E., 

Late II M. Inspector of ^^lnes for tho Transvaal. 

, Contents.— Pi elinunaiy Considerations.— Block Calailationa.— Buses of Sound Valua- 
tion.— Sampling.— Explanation of .Sinking Fund Table (XXIT).— Appendix.— Index. 

** One of the best^oluniea of Ite kind that wo liavekeen.”“Mwinir IForW. ‘ • 

LONDONS CHARLES GRIFFIN & fO., LTD., EXETER STREET, -STRAND. 
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Standard Works of Keferenoe for Metallurgists, Mino- 
Owners, Assayers, Manufaoturors, and all interested 
in the development of the Metallurgical Industries. 

EDITED B¥ 

Sir W, ROBERTS-AUSTEN, K.C.B., D.C.L, F.R.S. 

/« Largt Sva, Handiemt Cloth. With lllusirattons, 

I'or further particulars refer to Index. , 


INTRODUCTION to the STUDY of METALLUKOY. By Sir Wm. Roberts. 
Austen, K.C.B., &c. i8s. net. 

GOLD (The Metallurgy of). Sir T. K. Rose. 22s. 6cl. net. • 

LEAD (The Metallurgy of). H. F. Collins. 21s. net. 

SILVER (The Metallurgy of). II. F. Collins. Second Edition. At Press. 
IRON (The Metallurgy of). T. Turner. i6s. net. 

STEEL (The Metallurgy of). F. W. IIakrord and J. W. IIall. 36s net. 
THE NON-FERROUS METALS. W, Gowland. Second Edition. AtPtess. 
ALLOYS. Edward F. Law. Second Edition. 12s. 6 d. net. 

ANTIMONY. C. Y. Wang. 12s. 6 d. net. 

SAMPLINGand ASSAYING of PRECIOUS METALS. E. A. Smith. 15s.net. 


OTHER METALLURGICAL WORKS. 

MODERN COPPER SMELTING. D. M.Levv. ios. Gd. net, 

CAST IRON, In the Light of Recent Research. W. Hatfield, ios. 6cJ. net. 
METALLIC ALLOYS. G. II. Guliiver. ios.6d.net. 

MICROSCOPIC ANALYSIS of METALS. Osmond and St«ad. fe. 6d. net 
TEXT-BOOK of ASSAYING. J. T- and C. Beringeu, 10s. 6d. 

PRACTICAL ASSAYING. Prof. J. Lark. 7s. 6d. net. 

METALLURGICAL ANALYSIS and ASSAYING. Macleod and Walter. 
12s, 6d. net. 

QUANTITATIVE METALLURGICAL ANALYSIS TABLES. J. J. Morgan. 
4s. 

ELECTRIC SMELTING. Borchers and McMillan. 21s.net. 
ELECTRO-METALLURGY. McMillan and Cooper. 12s. 6d. net. 
INTRODUCTION to PRACTICAL METALLURGY. T. Turner. 38- net 
elementary METALLURGY. A.H.Sexion. 6s. 

GENERAL FOUNDRY PRACTICE. McWilliam and Longmuir. 15s. net. 
LECTURES on IRONFOUNDINO. T. Turner. 3s. 6d. net. 

BLAST FURNACE PRACTICE. J- J Morgan, is. 6d, net. 

NOTES on FOUNDRY PRACTICE. J. J. Morgan. 2s. 6d. net. 
ROBERTS-AUSTEN ; Addresses and Scientific Papers. S. W. Smith. 
21S. net. 


Also Works on Petroleum. 
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Second Edition, Revised Throughout. In Medium 8vo. With Numerous 
Plates, Maps, aud Illustrations. Pp. i-xxiv + 460. 2 Is. net, 

CYANIDIHG COLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process; its Application, 
Methods of Working, Design and Construction of 
Plant, and Costs. 

By H. FORBES JULIAN, 

And EDGAR SMART, A.M.LO.K, 

Cnil mill Mot vlliiigical EiiKlnoer 

Contents. — Early History of the CyanUie Procoss. — preliminary Invcstigiitions — 
Crufihlug^ — Wtighiug and Mcaaunng.—Pcrcolatlou and Li aching.— rrinclplea involved 
In Dissolution and Prulpitation of Metals.— Diasolut ion of the Qolil and Hilver — Tem* 
pOTaturo Elfei ts. — Absorption of Ait by Solutions. — Action of Various Cyanide Solutions. 
—Sources of Loss of Cyanide — Precipitation. — Precipilatioli by Zinc. — lUectrical Pro* 
cipitxtion. — Other Methods of Precipitation.' — tleuuing-up. lit fining, and Smelting. — 
Applications of the Cyanide Process — -Double 'IrcatiiKiit. — Direct Treatment of Dry 
Crushed Ore — Crushing witli Cyanide Stiliition — Slmits, — Dissolving the Cold and Sliver 
In Shmis.-Lxtraetion by Succtsslvo Washings Agitation and Natural Settlement.— 
Filter Presses — A^ats — Essential Parts of a Cyanide Plant (Construction), — Piping, 
Cocks, Launders, aud Jhiildings.— Handling Mute nal. — Hopes and Otars for Haulage, 
— Belt C'onvejsors —Pumps. — Spitziuttc and SpiUkasten. — Cost of Plant. — Cost of 
Troatinont. — Complete Plants. — lloastiug. — Index, 

“A haiidsomc volume of 400 pages which n 111 be a valuable book of reference foi all 
Mflocluted with the process .” — Mining Journal. 


In Ilandsoiiio Cloth. With Portrait tind Several Plates. 

Pp. )-xii + SIO. Os. net. 

MEMORIALS OF HENRY FORBES JULIAN 

(who perished In the “Titanic” Disaster). 

By HESTER JULIAN. 


" A faltliful record of the life of a righteous man, whose memory will remain fragrant.” 
— Mining World. 


Fifth ENtiiiisu Edition. In I.argo (hown Svo. With 22 Plates and 
maii^llustftitions in the I'ext. llaiickouie Cloth. Pp. i-xiv + 347. 
8s. (id. net. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metallurgists and Students at 
Schools of Mines, do. 

By JAMES BARK, F.G.S., M.Enst.M.M., 

Professor of Mining and Director of the Otago iriiiversity School of Mines ; late Director 
Thames School of Mines, and Geological Surveyor and Mining Geologist 
to the Government of New Zealand. 

Thoroughly Rovised and ( Jreatly Kiilaiged. With additional details 
concerning tlio Sienieiih-Halsko and other recent procoSbCs. 
Contents. — The MoArthur-Forrest Process.— Cliemistry of the Pro^ss.— Jjaboratory 
Experiments. — Control, Testing, and Analysis of Solutions. — Appliances and Plimfc for 
Cfyanido Extraction. — Actual Extmctloii by Cyanide. — Production and Treatment of 
Slimes. — Cyanide Treatment of ConcentraU's, — Leaching by Agitation, — Zme Prcclpl* 
tatlon and Treatment of Gold Bliracs. — Applnation of the Process in Different Countries.— 
The Slcmens-Halsko Process. — Other Cyanide Procisacs. — Antidotes for Cyanide Poison- 
ing.— INDEX. 

"Deserves to be racked as amongst the dKSToFnxiHTlNOTHHATlSRP.' — Mining JoumeU. 

LONDON*: CHARLES ORIFFIN &w:0., LTD,, EXETER STREET, 'STRAND. 
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aBlOTlN»S METAIiLtmaiOAIi SBBIJ^S. 

' Edition, Thoroughly Revised Throughout. ^Tith. 61 Folding 

Plates, Comprising 112 Figures, over 600 Illuatratioufl in the T^t, 
and nearly 80 Plioto-Micrographs of Steel Sections. Large 8 vo. - 
Two Volumes. In all 1000 pages. Handsome Cloth. 36s. net. 
With Additional Chapter on The Bieotrio Smelting of Steel, 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, Assoc.R.S.M., F.LC., 

And J. W. HALL, A.M.Inst.C.B. 

Vol. I.— Metallurgy. VoL II.~Mechanieal Treatment.. 

{X.B. — These Volumes are not Sold Separateli/.) 

AbIHiwed Contents. — T he Plant. Machinery, Methods and Oiemlstiy of the Bessemer 
and ^f the Open Hearth Processes (Acid and Unaic).— 1 he influence of Metalloids, Heat 
Treatment, Special Steels, Miiiostiuctnie, 'J'esting, and Spccitlcaliona.- The ifeohanicaJ 
Treatnicnt of Steel comprising Mill Practice, Plant and Machinery. 

The Sncflarersayi, at the conclusion of a review of tide book —“Wo cannot conclude without 
eamestlT recouimewdiug all'who may be interested as makers or ueere of steeiT’ liich practically 
means the whole of the englneeriuB profeesiou, to make themaelvos acquainted with it ae speedily 
ae possible." _ 

Fourth Edition, Revised and Enlarged. Fp, i-xv + 486. With 
130 Illustrations. 16s. net. 

THE METALLURGY OF IROH. 

. Bt THOMAS TUENER, M.Sc., A,ssoc.R.S.M., F.I.O., 

Frofmor of Metallurgy in the Vniversitg of Birmingham. 

Owtral (JowfsnD.— Early Hletory of Iron.— Modern Hiatory of Iron — Tho Age of Steel 
— Ohlef Iron Ores.— Preparation of Iron Ores. —The Blast Furnace.— The Air used In the 
Wwt Furnace. — Beaotiona of the Bluet Furnace. —The Gaseous Products of tho Blast 
Furnace— The Fuel used In the Blaet Furnace —Slugs and Puxes of Iron Smelting.— 
Properties of Oast Irom — Foundry Practice. — Wrought Iroa — Indirect Production of 
Wrought Iron.— The Puddling Process —Further Troatment of Wi ought Iron —Corrosion 
of Iron and Steel.— Recent Progreas -Index 

“A THOROCOHLT TTSKFUL BOOK, which bringB the Bubject UP TO DATK. Ow 
CIRKAT Vai.uk to those engaged in the iron induBtry.”— Journal^. 

For Professor Turner's ‘"'Lectures on Iron' Founding &c.. see page 07 
OtneraX Catalogue. 

In Medium 8 vo. Handsome Cloth. Pp. i-xv + 460, With 166 
Illustrations. I 63 . net. 

The Sampling & Assay of the Precious Metals : 

ComprUIng Gold, Silver and Platinum, in Orsi, Bullion and Produeti. 

By ERNEvST a. smith, A.R.S.M,, M Tnmt.M.M., 

Deputy Assay Master of tho ShcflicUl Asaiiy Olllce ; Laio of the Royal School of Mines 
CoNTSNTS. — Introduction — Design and E»nupracnt of Assay Offices,— Furnaces and 
ApjpIIauces. — Precious Metal Ores.-— Valuation of Ores. — .Sampling of Ores.— Preparation 
of Samples for Assay.— Fluxes and Piinclples of Fluxing —Assay Operations— («) Roast' 
Ing ; ft) Fusion ; (<0Scorlflcntlon ; (d)Cupollatioii.— systems of AVorkIng.— Assay of Gold 
and Silver Ores.— Of CompIe.x Ores.— Calculating and Bepurtiug Results.— Special 
Methods of Ore Assay,— Bullion.— Valuation of Bullion.— .Sampling of Bullion.— Assay 
of Gold, .Silver, and Base Bullion.— Of Auriferous and Aigentiferous Products.— Assay 
' Work in Cyanide MUl —Platinum and the “Platinum Metals,’’— Assay of Platinum 
In Ores, Bullion and Products.— AppaNi)iCE.s.— I ndex. 

• MAjtsafely he placed In the Ijands of students, and will bo of ''the greatest value to 
ABAaver»M a book of reference "—Nature. l 

P i^l^p rrJ * ’ ' should bo addod to the Mining Engineer’s Library 
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, In Medium Svo. Handsome Cloth. Pp. l-xil+260. With 10 Plates (2 Coloured), 
nnd 60 other IllustrationB, lOs. 6d. net. 

LECTURES ON 

By 1:)0NALD M. levy, M.Sc.. A.R.S.M., 

Assistant Lecturer la Metallurgy, University of Birmingham. 

ABRrDGliP Contests. — Historical. — Price and Cost of Production and Statistics.— 
Uses of Copper as Metal and Alloy. — Effect of Impurities. — Compounds.— Ores.— Pre- 
liminary Treatment.— Sampling. — Concentration. — Principles of Copper Smelting.— 
Sintering. — lleverbcrdtory Smelting Practice.-- Blast Furnace Practice.— Beasemcrlsing 
of Copper Mattes. — Purification and Refining of Crude Copper.—Casting.— INDEX. 

" A welcome addition to existing literature on the subject."— CViemfmZ Trade Jourual- 


In Medium h\o Il.uulsomc Cloth Pp. i-xiii + ‘2l9. With Frontispiece and 1(4 
Illustrations, inclutllng m.any Photo-Miciogruphs. 10s. (Jd. net 

CAST XRON 

In the light of recent research. 

By W. H. HATEIELI), U.Hc., A.M.I.Moch.E. 

Contents — iNTHODUOTioN. -The Non-Carhon Alloys and Cast Iron from tlic Stand- 
point of the Equilibrium Diagram. — Inlliit ncc of Silicon. — Of Pbnspborus.— Of Sulphur. 
—Of Mangane^ — Of (Jther Elements.— Of C.iatlng 'lemporaturc. — Shnukago and Con- 
traction. — Gro^h of Cast Iron under llepcatod Heatings. — Etb'ct of Huperheated Steam 
upon Cast-iron Fittings. — Matle.ablc Cast Iron. — Heat Treatment of Cast Iron.— Du- 
carburisation of Cast Iron without furtlur 1' us ion.— Mechanical Properties of Cast and 
Malleable Cast Iron. — Funiaa's .ind Hlugs. — AppENDioi a.— I ndex. 

“A valuable addition to Grlllin’a noted metallurgical publications.” — Mining 
Magazine, • 

SitCoiND J<R)iTroH. In Crown Svo. Handsome Cloth, Pp. i-xxvii I- 100, 
Thoroughly Revised and very greatlj^ Enlarged. With many New, 
and ill all 310 lllufttrations. 10s. Od. net. 

A HANDBOOK ON 

M £: T A Lr X.. I C ALLOYS: 

Their Structure and Constitution. 

Bv GILBERT H. GULLIVER, B.So., F.R.S.E. 

NTKNXS. — Methods of Investigation. — The Phyaico-Ciicmical Equilibrium of 
Mixed Substances. — Binary Alloys in which no Definite Chemical Compounds are formed. 
— Do. whi(if show livKUnce of the Formation of IXftnite Chtmical Coinpounda.— Trans- 
formations in Comphtely Solid MetaD. — Alloys - Rqmlibnuni Conditions in Metalllo 
Mixtures. — Tiie Stnuturcs of Metals nnd Alloys. — 'Ihe Bronzes, Brasises, and other 
Alloys of Copper.— Steel ami other Alloys of Iron.— Alloys of more than Two Metals.— 
Thi^Microscopc In Engima-ring Practice.— I. ndkx. 

" This book offers most exhaustno Information, and is profusely illustrated."— Mefal 
Industry. 


Second Edition, Thoroughly Hevisod. Pp. i-xvii + SlIh With 195 
Photo-Micrographa, Diagrams, and Figures. 8s. 6d. net 

THE MICROSCOPIC ANALYSIS OF METALS. 


By FLOHIS OSMOND and J. E. STEAD, D.Met., F.R.S. 


-PARr 11. 
lon Stiiela.— 


RiBvised and Coukectkd by L. P. SYDNEY. 

Contents. — Part I. Metallography cousldered as a Method of Assay.- 
he Science of Polishing.— Part 1X1. The Microscopic Analysis of Carbo 
ATPBNDIOES.—INDEX. 

" The subject Is treated In a masterly mauher . . . altogether the new edition 

should prove invaluable to metallurgists."— J/ining WorM. 

" Of all tlie books which iiave dealt with this subject In its many aspects, surely this 
one remains supreme .” — Chemical World. 
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CHARLES GRIEEIN *6 00:S PUBLIOATIOm. 


TjftiED Edttiok, Thoroughly Revised, Enlarged, and Re-set Throughout, 
In Three Volumes, with Valuable Bibliography, New Maps, 
Illustrations, &o. dOs. net. 

03sr 

Bv SIR BOVERTON REDWOOD, Bart., 

D.Sc , F U.S E , Assoc I^8T O.E., F.I.O. 

Contents.— SECTION I.: Ulstoricnl Accomitof tlie Petroleum Iiiduatiy.— Section II.; 
Oeolwical and Geogiaphical Distribution of Petrolouni and Natuial Gas.— Section III.; 
The Cnemlcai and Physical Properties of Petroleum and Natural Gas. -Section IV. ; 
The Origin of Petroleum and Natural Gas.— Section V.: Tlie Production of Petroleum, 
Natural Gas, and Ozokerite.— Section VI.: The Kollning of Petroleum -Section VII.: 
The Shale Oil and Allied Industries —Section VITI. ; The Transport, Stoiage, and Dis- 
tnbutlon of Petroleum —Section IX. : The testing of Crude Petroleum, Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.— Section X, : The Uses of Petioleum and 
its Products.— Section XI. : Statutory, Municipal, and other Kegulations relating .to 
the Testing, Stoiagc, Transport, and Use of Petroleum and its Products.—DiJiijo- 
■QRAPHr.— APEENniOES.— INUEX. 

*‘It is Indisputably the most comprelieuBive and complete treatise on petroleum, and tins 
sUtsmeut is true, no matter on what branch of tlie Industry a test of its merits Is made. It is 
the only book in existence which gives the oil man a cloar and reliable outline of the giowtU and 
present-day condition of the oiitiic netroloum woild . , . ihcre is a woiulorfully (oinplete 
collecuon of plates and tlluBi, rations —I'eli oleum ff oriel. 


Third Edition, Roviserl. Pp. i-xix + 340. Price Sa. 6(1. net. 

A HANDBOOK ON PETROLEUM. 

fOff INSPECTORS UNDER THE PETROLEUM ACTS. 

And for those engaged in the Storage, Transport, Distribution, and Industrial 
Use of Petroleum and Its Products, and of Calcium Carbide. With 
suggestions on the Construction and Use of Mineral Oil Lamps. 

By captain J. II. THOMSON, 

II.M Chief IiiBi>c(tni of Explosives 

And sir BOVERTON REDWOOD, JiAux., 

Revised by MA.rou A. cooper-kev and sir rover'ion redwood. 
Contents. — Introductory.— Somces of Siipidy — Piodiiction, Refliiinj', etc,— Com- 
mercial Products —FJasJi Point .aii<l Fuc-'lVst - Ti •itnig — Eegislition -PiecautioiiB.— 
Oil r.Amp«.— Calduni Caibidc.— Xppondices, -Index. 

“ or unique value . . . The hook ins attiilrmd the reputation of a classic, and Is 
an extremely handy and useful work for all interested in the oil husiiuss.” — C/iemical 
TmekJomnal 

In Pocket Size. Pp, i-xxi -J- 454. Strongly Bound in Lciitlier. 

Fully Illustrated. Ss. Gd. net. 

THE PETROLEUM TECHNOLOGISrS POCKET BOOK. 

By SIR BOVERTON REDWOOD, Bait., D.So., Ae., 

And ARTHUR EASTLAKE, M.J.M.E., A.M.T.Moch. E., &c. 
Synopsis of Contents. — P.\rt I. : General Information alwut Petroleum (Origin, 
Occurrence, Prospecting, acquiring Land, iUising, Stor.ige, Kefliung, etc.) Pakt II. ; 
Geological (Identification of Rocks, Angk of Dip, Map.s, Oil-hcarlng Areas, Oil per acre, 
Bitnmens, etc.). Part. 111. : Physlc-al and Cljemical (Speciflc Gravity, Analysis of Gas, 
Viscometry, Calonflc Value, Flash Point, Distillation, Candle Power, itc., etc.). Part 
rV. : Productions (Drilling, Casing Water, Raising Oil, Plugging, Cost of Drilling, etc., 
etc.;. Part V. : KeOning, Transport, Storage and Testing (Tmks, Plow of (las in Pipes, 
Pipe i-lnes, Pumping, Railway Oars, Rarrels, etc , etc.). Part VI. : Uses (Liquid Fuel, Air 
required, Oil Engines, Natural Gas, Asplialt, etc.). Part VII. ; Weights and Measures 
(English and Foreign). Part VJII : MIflcellaneoiis. Part IX. : Statlstlas (of Production, 
Asphalt, Oil Shale, Ozokerite, Natural Gas). 

“Excellent in every way ... the tables and statistics appeal to be exactly 
those which will bo of most use.”— 
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Griffin’s Local Government Handbooks. 

WORKS SUITABLE FOR MUNICIPAL AND COUNTY 
ENGINEERS, ANALYSTS, AND OTHERS. 

For further jjarticulars of the following, see Index. 


Civil Engfineering Practice. By F, Noki. TAvroR. With over soo 

PaKCB iiiui over 1,0()U IllustraiiunB. Cloth. 26e. net. 

The Main Drainag-e of Towns. By F. None Tavlok. Fp. i xi + .313. 

With over ,‘150 TllnstiatioiiK. 128. M net. 

Practical Sanitation : a Handbook for Sanitary Inspeotor'i anil others. 
Hy GEO, KEin, M.D., D.V.H. SkvkntkknTH F,1<ITIon, llioioiighly Itemed Os. 

Sanitary Engineering. By Francis Wood, A.M.lnst.C.F. Third 

EorrioN, Revised. Pp. i-xv + 300. Ss. C<1. net 

Modern Methods of Sewage Purification. By (;. Bertram 

Kershaw, Engintei to the Sewage Comimssion Fully llluatiated, 21? net. 

TJie Principles of Sewage Disposal. By Frof Ditnuar ot Hamburg. 

Translated liy II. T Caj.Vkhi, .M.Sc. 15s. n<‘t. 

TrAde Waste Waters. By H. W'icson, M.D., and H. T. Calvert, 

PhD. Fully lllustiated. iSs. net. 

Trades’ Waste : its Treatment and Utilisation. Bv W. Naylor, 
FC.S., A.M.InHt.C.K. 21 b net 

Modern Destructor Practice. By W. F. Coodricd, A.M.Inst.C.E. 

Pp. i-xvi +^78 l')8. net. 

Refuse Disposal. By Fiof. F. K. Matthews, A M.Tnst.C.E. Very 

fully TllnsLr.iUd. Os. net. 

Water Supply: Selection of Sourco.s .ind Distt ihntion. By Rei.inald 
E MlDPl.KTON, M Inst.l? E , M Inst Muh E , F S I. Ciown Hvo 8s Od. net. 

Water Analyst for Sanitary and Technical Purposes. By 

T1 D Sl'OCKS, F I.C., etu 4s Cd int 

Calcareous Cements : Tlmir Nature, Preparation, and Uses. By 
Giltifrt Rkdora vk, Assoc Inst C E , and CHAS Si'.\CK.MAN, F C S 8 i:coni> EDITION 
15s net. 

Handbook for Cement Works Chemists. By F. J}. c.vtkhou.sk, 

H'.C S. net 

Handbook on Town Planning. By Julian Julian, B.i:. .oa. net. 
Road Making and Maintenance. By Tiios. aitk-kn, a M.In&t.C.E. 

SECOND EoaiON tnlly Tllnsti 'vted ‘2ls. iicl 

Dustless Roads: Tar- Macadam. By j. Walkkh Smith. Fully 

Illustrated. lOs od. net. 

Central Electrical Stations: Their Design, Organisation, ami Manage* 

nicnt By H. Wordinoiiam, A Iv M Inst C.K. Skoond Edition 24s. net. 
Transformers* By Hermann Boiile, M.I K F., and Frot. David 

RonKRTsoN, B Sc Pp I-XIV+ F>(, Piofusely lllustiaUd “Is. not 

Electrical Photometry and Illumination. By Fiof. H. Boht.e. 

P(). i-xi ♦ 222 Profusely Illusti. Red. 10s (.d net. 

Eltfetricity Meters. By Henry C. Solomon, Aasoc.M.Inst.F.E. In 

Mcdniin 8vo, IDuidsonie Cloth Prolusely Illustrnted Ids net. 

Gas Manufacture {The Chemistry of). By W. J. A. Butterfield, 
M a., F.I.C., I'.rs. With IliustnitionB Fourth Edition, Revised. A^ol I., 
7s.nd.net. Vol 11., 171 jncfKt ration 

The Calorific Power of Gas. By J. H. Coste, FI.C., F.C.S. 


Illustrated. Gh. net. 

Fuel: Gaseous, Liquid, and Solid. F>y J. H. Coste, f.i a, and F. 

Andrews, K If Gs net. 

Smoke Abatement. A Manual for Manufacturers, Inspectors, 
Engitico.s and othciH By William Nu hoeson. Fully lllustratwl. Rs. not 

Fire and Explosion Risks. Tim Detection, investigation, and Pre- 
vention of KireH and Explosions. By Dr Von aeuWAirra Cloth. Ids net. • 

Milk: Its Production and Uses. With Chapters on Dairy Farming, 

llie Diseases of Cattle, and on the Hyjjlone auil Control ol Supjilles. By Edward F. 
WiLinuOHBV, M.D., D.P.H. ds. not. . , , 

Flesh Foods: With Ivlothods for their Chemical, Microec^ical, and 

Bacteriological Examination. By C. AINSWORTH MITCHELL, B A., F.I.C. lilus- 
trnted lOs. 6d.* , . , . » -mt •t. 

Foods : •Their Composition and Analysis. By A. Wynteb Bltth, 
M.R.C.S., F.C.5., and M. W. BLYWI, B.A. U.Sc. SIXTH EDITION, Tboroug^y 
Revised. 21 s. — 
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InlArgeBvQ. Oloth. Pp. i-xxiii+271. With 147 lUtietrationa. 

168. net, 

A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prof. DUNBAR, Director of the Institute of State Hygiene, Hamburg. 
Rnolisr. Edition nv^ HARRY T. CALVERT, M.Sc., Ph.D„ E.l.C,, 
Chief Chemical Asslstaut, Weat Biding of Vorkahhc.BlveiB Hoard. 
ABRIDGED Contents.— Historioad Development of the Shwaob Pkoblem.— G roivth 
of Elver Pollution.— Legal Menaurea of Central and Local Authorities.— Else and Develop- 
ment of Methods of Sewage Treatment.— Earlier Views, their Oldcct ami Utility. PrbseN'T 
PoemoN OF Sewage Treatment.— T he Cliaraoteristics of Sewage.— Dbjecta of Pre- 
cipitation Works.— Description for the Ri'moval of Suspended Matters. — Metliods for the 
ilomovai of Puttesclbility.— The Disinfection of Sewage. — Supervision and Inspection 
of Sewage Disposal Works. — The Dtllity and Cost of the various Methods of Howago 
Treatment.— INDEX. 

‘‘ We heartily commend the book as a pecnliaily fair and Impartial statement of the 
present position of the sewage pioblem,”— Lirnwf. 


In Medium 8vo. Cloth Pp. i-xiii f 356. With Tables, Illustrations 
in the Text, and 36 Plates. 21s. net. 

MODERN METHODS OP 

SEJWAGE I»URIF'ICATyON. 

A Guide for the Designing and Maintenance of Sewage Purification Works- 

By G. BERTRAM KERSHAW, F.K.S.L, F.H.M.S., F.G.S., &o., 

Eiigine(M(|^ the Eoyal Couiniis.sioii on Sewage T)i,spo9nl. 

CONTENTS. — IntroOTWion. — Historical — Conservancy MetfjpJs, Ac. — Sewerage 
Systems. — Kalafail, Storm WatiT.— Variations in Flow of Sewage.— Classifleation and 
Composition of Sewages. — Conskh rations to bo observed in (hdivtlng tlie Site for Sewage 
Disposal Works. — Preliminary Processes. — Disposal of Sludge.— land Treatment of 
Sewage.— Contact 13od.s.— Percolating Kilti'rs.— Trades’ Wastex.—MIsctllauwus.— Pre- 
cipitation Works in Actual Operation. — Index. 

“ A large and coinpiehcn.'’ive ttoik . . . replete with liifoinnitlon.”—i/euni<il 

/loya/ Sanitart) Institute. 


Large 8vu. Handaomo Cloth. Price 16s, net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, liwebtigation, and Prevention of Fires and Explosions. 

By I)R. VON SCHWARTZ, 

Translated from the Revised t^rernian Edition by C. T, C. SALTER. 


Abkidged Oenkual Contents.— F lies and Fxplosioiis of a Ot'neral vharaetcr. - 
Dangers arising from Sources of Light and Heat - D.ingeroiis (Jascs. — Iti^ks Atteiullrift 
Special Industries — Materials Kniployed — Agncnltural Pioducts. — Fats, Oils, .ind 
Rosins.— Mincial Oils and Tar.- Alcohol, Ac.— Metals, Oxides, Acids, Ac —Lightning 
Ignition Appliances, Fireworks. , , , N , 

“The work affoDls a wealth of information on the chemistry of fire and kindred 


topics ." — Fire and Water. 

‘‘A coniploto and useful .survey of a subject of wide interest and vital iiiiportaiitc. — 
on and Cvlourinans Journal. 


In Handsome Oloth. Pp. i-xiii 256. With 69 Illustrations. 6s. net. 

SMOKE AKATSMSKT. 

A Manual for the Use of Manufacturers, Inspectors, Medical Offoera of 
Health, Engineers, and Others. 

By william NICHOLSON, 

. * Chief Smoke Inspector to the Sheffield Coi poratloa 

“We welcome suoli an adequate statement on an Important subject."— 

Usdical Journal 

also — 

THE MAIN DRAIN.AOE OF TOWNS, . . . page 6. 

•UEFUSE DISPOSAL 6. 

. and modern DESTRUCTOR PRACTICE. . . . » ,, 6. 
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Second Edition. In Etxrge 8vo. Handsome Oloth. Beantijully 
nimtrated. With Plates and Figures in the Text. Sis. net, 

ROAD MAKING AND MAINTENANCE 

A Praoiical Treatise for Engineers, Surveyors, and Others. 

By THOS. AITKEN, M.Jnst.O.E., 

Member of the Association of Municipal and County Engineers ; Member of the SanlUry 
Inst; Surveyor to the County Council of Fife Cupar Division. 

Contents. — J liatorIcnl Sketch — KcsIstauoe of Tiaclloii.— Lajuig out New Eoads.— 
Eartliworka, Drainage, an<l Ketaimng Walls.- Road M.itcrinla, or Metal.— Quarrying. 
—Stone Breaking and Haulage. -Koad-llolling and Scatifying.- Tho Construction of 
Now, and the Maintenanoo of existing Roads C vriiage Ways and Foot ays. 

‘‘The Liti raiy btyle Is HXCK 1 .I.HNT. . . . A coMi'iiRnKsaiVH and RXCRIJ.bnt Modern Book, an 
OP yO'DATK woik, . , . Should he on tho referom-H shelf of every Municipal and County 
Enirineer or Surveyor in the United KtiiKdom, aud of every Colonial Engineer.” -The Surveyor. 


In Handsome Cloth. Ftdly Illustrated. 10«. 6(Z. net. 

DXJS'TX^ESS ROAl>S. 

* TAR MACADAM. 

By J. walker SMITH, 

City kiigiueer, Edinburgh. 

CoNTBKTS.— Necessity for Improved and Standaid Koad Construction — Tar — St.indardisatlon 
of Matrix —Aggregate (%r Mai id.iin Different Modis of Ihtnanng and Lavuig - Mn hanical 
Mixing — Ffficts of Weiir, Den><il y, I'oiosity, l)Hlitbution of Weight —Scavenging Watering and 
Maintenance - Cainbir (li idient, NoiselesHiieHs. 1 lygu me AdvautageB — Rolling — Tractive 
Effoit —Statistics -'Tar Spraying on Ordinary Murid iin Surf.ites — Appksdicks — 1m>rx. 

“The hook 13 in every respect up-to-date and very suggestive. It is practical in 
the host sense of the term.”— Counfv and Municipal Record. 


In Crown 8vo. Cloth. Pp. i-\i 4 1.17. With ‘2') lllustiations, Colomed Map, and a 
Cliait. 43 Cd net. 

MODERN ROAD CONSTRUCTION. 

A Practical Treatise for the Use of Engineers, Students, 

Members of Local Authorities, &c. 

By*FRANC1S wood, M.Inst.C.K, F.G.S, 

Contents. — I ntroductory. — Macadam Roads. — Wear of Roads. — Effect of 'Iraillo oo 
Roads. — Tarred Roads.— Jlitumen. — Methods of Using 'I’ar and Bitumen.' — Rollers and 
RoUhig. — Paving. — Cost of Malntenanic of Roads. — A itenpices. — Index. 

“ A little volume that should ihid its place on the blulf of evei-y road and highway 
surveyor and engineer in the Local Covtinini iit woiht ’’ — Mumcipal Journal. 


In Crown 8vo. Cloth. Pp. 1-vii ^ 111). With Illustrations. Ss. net. 

AN INTRODUCTION TO 

TOWN PL.ANNING. 

A Handbook dealing with the Principles of the Subject, and a Consideration ol the Probitma 
Involved, Powers of Local Authorities, etc. ^ 

By JULIAN JULIAN, B. E. 

Contents. — Ancient Tovm Planning— Med itcval and Modirn Town Planning. — 
Authorities and Bye-Laws — Powers of Ixieal Authorities— I'nictleal Conalderations in 
the Preparation of Town Plans. — A Town-Planning Tour. — Appendices. — Index. 

“There aie many books on Town rianning, but none that lovcis quite the same 

{ [round as this one traverses so ably . . . a valuable addition to the Town Planner's 
ibiary."— fi'iirrej/oj. ^ " 
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Ohimkttre l«r Encln^ and Matmfaditirert By B. Biovmr, F I.O., and A. G. Bioxam* 
FJ.O. Vol. I.— SBooND Edition, 148. Vof. II.— Second Edition, 16a. 

Dill, Fab, BuKart, and Waxas. By Alden Wkiqht and HircHEiit. Second £!dition. 
26a. net. 

Olli, Raalns, and Painta (Analyiit and Vaitfation). By Harby Inqdk, D.Sc, net, sa. 6d. 
PhyUao OhtinlcaJ TabiM, By J. Oastkil-Evanb, F.I.C. Vol. I.— Chomleal Engineering, 
24a. net. Vol, II.— Physical and Analytical Chemiatry, sda. net. 

Quantitative Inorgania Analyiit. By Dr. J. W. Mellob, SOs, net. 

Water Anidyilt tor San. and Taeh. Parpoia*. By H. B. Stocks. 4e, es. net. 

Mathodi of Air Analyiit. By J 8. Haldane, M.D., LL.D. F.B.S. Sa. net 
The Principlat and Practice ot Brewing. By Dr, W. >. Sykes. Third Edition, Rovlsed 
by A. il. Lino, P.I.CI. 2l3. net. 

Technical Mycology. Dr. P. Lafab. Second Edition. In Two Vola. Vol. I., 15i. net. 
Vol II., 248. net. 

Micro-Organisms and Fermintallon. By Alfred Joroensen. Fourth Edition, Ck)m« 
plctdy Revised. Translated by S. H. DAVIES, B.Sc. 159. net. ' 

Ferments and thoir Actions. By C. Opfenubimer. Translated by C. A, Mitchell, B.A. 
r,I.C. In Cloth. 78.6d.net. 

Vinegar: Its Manufacture and Examination. ByC. A. Mitchell, B A , F T C. Ss, (5d.net. 
Peat } Its Use and Manufacture. By BJiiRLiNo and Ols-^-ino. 68, net. 

Oommorcial Peat ; Its Uses and Its Possibilities. By F. T. Dissinu. Cs. ru e 

Paper Technology. By R. W. Sindali., F.0.8. Second Edition, lu vised. I 2 b od. net, 

ttatlonery Testing. By H^. Bromley. Fully Illustrand. 28. 6d. not. 

The Olayworkers' Handbjj^ By A, B. Searle. Second Ediiion O.s. net. 

British Clays, Shales and4mds. By A. B. Searle Illiistrafcd. 'Ji. Od. nrt. 

Oeramlc Literature. Compiled, Classihcd, and Described by M. L. Solon, 4‘^8. net. 

Art of the Qoldstnith and Jeweller. By T. B. Wiolky, Second EninoN. 73. 6«1. net. 
Bmoke Abatement. By Wm. Niciiol.son. with iiiuatrations g. 8. net. 

Calcareous Cements. By G. B. IIedorave and Charles Spaceman, F.C.S. Second 
Edition, 158. net. 

Handbook for Cemtnf Works* Chemists. By Prank B. Gatehouse, F.C.S. la Handsome 
Cloth. 53. not. 

das Manufacture, By W J. a, BUTTERriELD. Vol. I. 7s. 6d. not. Vol, II, SftorHu 
Oatorlfio Power of Coal Qas. By J. H. Costs. F.I.C. 68. net. 

Fuel : Baseous, Liquid, and Solid. By J. fl. Costk and E. R. Andrews. 6s. net, 
Acetylene. By F. H. Leeds and W. J. A. Butterwkld. Second Edition. Ss. 0d. not. 
Fire and Explosion Risks. By Dr. Vo.v Sohwariz, In Cloth. lOs. net. 

Enamelling on Iron and* Steel. By Julius GrInwald. Cloth, llhislratod.'^s. net. 
Technology of Iron Enamelling and Tinning. By Juliuh Ori nwald. 68. not. 

The Chemistry of the Colloids. By Dr. V. P<i&ohl. Translated by Dr. H. HodgSON 
88. 6d. net. 

Oeiluloid ; Its Manufacture, Application, and Substitutes. From the French of Masselon, 
Roberts, and Cillard. By Dr. H, H. Hodoson. 2.53 net. 

Chemistry of India Rubber. By C. 0. Weber, Ph.D. Third Impression, with many 
lUuettatluns. 168. net. 

Tbe Manuiacture of Rubber Goods. By Adolf Heil and Dr. W. Esch. Translated by 
JE, W. Lewis, A.O.G.I. In Cloth. IllUHtrated. 10a. 6d. net. 

QIni, SolatlDt, and their Allied Product!. By Thomas Lambert. In J,argc Crown Svo. 
fMy lUnstrated. 58. net. 

Usthcr Trades Bbenlstry. By S. R. Trotman M.A. F.I.C. In Handsome Cloth. Fylly 
' IlHwtratcd. iSs. net. 

Ink Manufacturft By C. A. Mitchell, B.A., F.I.C., and T. C. Hbpwortb. SihOond 
U nrriON, Revised. In Cloth. With Plates and Illustrations. 

' Inofianio Ohenistry. By A. Duprb and Wilson Hake. Third Edition, e$. not. 
EitoMMe ot Chomleal Engineering. By J. Orossmann, FIi.D. Second Ed. 8s. 6d net. 
Clenienfaly Practicai Chemietry. Myers and Pirtk. 4s. net. 

OuUlitet of Quautltativo Anaiyils. By A. H- Sexton, F.I.C. Fifth Edition, So 
OUlftuoe^ Qualitative Analyeti. By A. H. SgxTo N, F.I.C. FoqEHf Edition 8s. Sd. 
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THE FE RBIENTATION IND USTRIES. 

Third Editiom. In Handsome Cloth. Fully Illustrated. 2l8.net. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTER J. SYKES. 

Revised by ARTHUR R. LING, F.I.O., F.C.S., 

Editor of the Joiu-nal of the luatltnte of Brewing. 

CONTENTS. -- Physical Priiiciplefl Involved. — The Chemistry of Browing. — The 
Microscope. — Vegetable Biology.— Ecrmentatlon. — Water - Barley and Malting. - 
AMaugement of Brewery Plant.— Quantities of Mateilals.—Fei mentation.— Antiseptics. 
—Finings.— Characteristics of Beer.— Diseases of Beer.— Index. 

‘‘A thorough and comprehensive text-book . . . up-to-date ... a standard 
text-book.’ —Brsieei-if’ Journal. 

In Large 8vo. Complete in I’wo Volumea. 

* Each Volume Complete in Itself, and Sold Separately, 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organisms in the Arts and Manufactures, 
• By Dr. FRANZ LAFAR, 

Prof, of Fermentation-Physiology and Bactorlolopry in the Tecliiiiral High School, Vienna 
TttANSr.ATKD BY CHARLES T. C. SALTER. 

Vol. I.-SCHIZOMYCETIC FERMENTATION. lf>s. net. 

Vol. II.-BUMYCBTIC FERMENTATION. 24s. not. 

Note.— P art 1. ft Vol. II. was issued scpaiately at 78. Cd. Copies of Part II., 
vol II., have, tberefoic, been bound up to cn.ablo tbn.se possessing Part 1. to complete 
their copies. The puce of Vol. II., Part II., Is iSa. net. 

“The first work of the kind which can lay claim to completeness in the treatment of 
a lasoinatlDg subject The plan Is admirable, the olassifloatlon simple, the style is good 
^*odoncy of the whole volume is to convoy sure information to the reader 

Fifth Edition, In Demy 8vo. Utivised Throughout. Pp. i xi + 489. 
With 101 Illustrations, In Cloth. ISb. net. 

MICRO-ORGANISMS AND FERMENTATION. 

By ALFRED JORGENSEN. 

^ Tra^lated by SAMUKL H. DAVIES, M.So. 

CONIIENW.— Miernsrojiical and Physiological E.XHinin.'ition- Biological E.v.aminntion 
of Air and Water-Bacteiia— Moulds— Ycasts-Tlio Pure Culture of Yeasts on a Large 
Scale.— Index 

“ Tlie student taking up this subject wotild do wtll to work through this book fltst 
ana then take Lafnrs.” — lireu'iiig Trade, Herwiv. 


In Crown 8vo, Handsome Cloth. Price 7s. 6d, net. 

FERMENTS: AND THEIR ACTIONS. 

A Text-book on the Chemistry and Physics of Fermentative Changes. 

By CARL OPPENHEIMEK, Ph.D., M.D. 

Translated by c. AiNswoRiu Mitchell, b,a., f.i.c., F.e.s. 

Contents.— I ntroduction.— Definition of Ferment.— Chemical Nature of Eennent.— 
Influence of External Factors on Ferments. — Mode of Action. — PbysiJIoglcal Action.— 
Secretion of Ferments, — Ferments and I he Vital Procossoa. — A. TSB Hydrqlytio 
FBRMEN ia : Proteolytic Ferments. — Trypsin. — Bacteriolytic and Dromolytlo.— Aoteo* 
lytic Vegetable Ferments. — Coagulating Ferments. — Saccharifying Ferments. — Animal 
Diastases. — Enxytncs of tlie Disacohundes. — Ferments which decompose Glucoaldes. — 
Lactic Acid Fermentation.— B. THE Oxidising Fehuents ; Alcoholic Fermentation, — 
Biology of do. — The Oxydases.— Acetic, Oxalic, and similar Fennontatlonsr— Biblio* 
graphy. — I ndex. 

Such a veritable lyuHtim in parvo has never yet appeared,"— flretrefi’ Journal • 
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In Cloth. ]?pj i-xxii 4- 798:' With 2 Coloured Plates and 206 other 
■ . /' L ■ I . ■ Ilhistratione. SOs. net. 

- A TREATISE ON 

QUASTITATIVE INORGANIC ANALYSIS, 

■ With Special Reference to the Analysis of Clays, Silicates, etc. 

By J. W. MELLOR, D.Sc. 

Part I. Qtnaral Introduction.— Wolghlntr. — Measurpment of Volimiefl — Volumetrlo 
Analysis.— Colorimetry and Turbldimcfry. — Filtration and Wasliing.— Heating and 
Drying. — Pulverisation and Grinding. — Sampling.— Tlio Peagents. Part II, Typical 
fliileato Anaiysci — Clays : — Volatile Mattim — opening up Sillcutcs. — Determination of 
Silica. — The Ammonia Preolpitate.— Iron. — Titanliim.^ — Calctutu and Magnesium. — The 
Alkalies. — Abbreviated Analysis and Analvticai Krrors. — Electro-Analysis. Part 111. 
fillMAi, GlazM, Colours, and Complex Silicates .-—Analysis of Glass, Glazes, Enamels and 
Colours. — Determination of Arsenic.— Antimony.— Tln,^ — I cad.— Blsmutb and Mercury, 
— Copper and Cadmium — Zinc. — Manganese. — Cobalt and Nlckil. Part IV. Special 
Methode— Bases : Determination of Molybdenum.— Tungsten, Colurabium, and Tantalum. 
— Gold and aeleuluin. — Aluminium and Beryllium —Special Methods for Non-t’ompourids. 
—Chromium, Vanadium, and Uranium. — Zirconium, Ihonum, and the Hare Earths. — 
Barium, Strontium, Calcium, and Magnesium. — Alkalies and their Salts. Part V. Special 
Wethodfci— Acids and Non-Melali • Carbon.— Water.— Boron Oxide.— Pliosphonis.— 
Sulphur." The Halogens. — national Analysis of Clay.s, — AreuNiiloEs.— INPIOES. 

“The ceramic (hemist has waited nniiy yeais for a thoiouih and compi elieii-sive 
treatise on the qnaiititatiio an.ilysis of the inateiuhs with which hv Ins bad to 
deal) and heio at last is what he had .so long and so in gently needed.”— A’nOire. 


In Demy 8vo, Cloth. Pp. i-xvn + 411. With 4 Coloured Plates and 
263 other 11lu.stralion.s. lija. net. 

CLAY AND POTTERY INDUSTRIES, 

Being Vol. I. of the Collected Papers from the County Pottery 
Laboratory, Staffordshire. 

BY SEVERAL AUTHORS. 

Edited by J. W. MELLOR, D.Sc. 

For Full LFt of Contents, send for Prospectus. 

“A fund of iiifoi illation on \.nitd subjects of importance to the pottei.’ — /’oti'ery 
fiazette. 


In Imperial 8vo. Strongly and Elegantly Bound in Half Leather. 

Enclosed in Case. Pp. i-xvni + 6{)0. £2 28^ net. 

CERAMIC LITERATURE 

Compiled, Classified, and Described by M. L. SOLON, 

President of the English Ceramic Society. ' 

All Analytical Index to the Woiks Published in all Languages on tlie History and 
the Technology of the Ceramic Ait ; also to the Catalogues of Public Museums, Private 
■Collections, and of Auction Sales In which the Dehciiption of Coi-amic Objects occupy 
an Important place ; and to the most Important Pilte Lists of the Ancient and Modern 
Manumctorles of Pottery and Porcelain. 

“A work of inestimable value to all serious study of Ceramics.”— iJtu'fiujfon 
Magazine. 

In Two Large Volumes, Large Kvo, 'Strongly Bound. Each complete in 
itself and sold separately. 

B'^R IQUBTTING. 

Co^l, Shale, &c. ; Ores, Furnace Products, Metal Swarf, &c. 

By G. FRANKS. Translated and Edited by F. LANTSBERRY, M.Sc. 

Vol. I.— Pp. 1-xxx + 031. With 9 folding Plates and 2^5 other Illustrations Sds, net. 

“Messrs. Griffin & Company have once again lendeicd seivice to the nation by 
wovldingthis useful addition to the maiuifacturers’ llbraiy.”— fvn and C«al Trades 
JReview. « 
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CHBMISTRY AND^ TBCHmlOQY. ' , 25^ 

In Med. 8vo. Cloth. Pp. i-vii + 171* With Many Tabled. ■ 6s. net. 

The Theory and Fraoti^e *; 

Enamelling on Iron and. Steel. 

By JULIUS GRONWALD, 1)h., In'O. ,, 

TranUaied by H. 31. IIodoson, M.A., B.Sc., Ph.13.'. ' ‘ * 

Co.NriiNTa — Intruluction —The Haxr MatfiialH — The Mixiiip, Oibsolviugr, aud Application ol 
EriamiJ — lhatintj and I’leklniK Quoda in tlie Rcuigli — i’oirect laying on —Biking J'lnainulled 
Warp —Decoration of JIiKinielled Objects - Photo Ceram ics in their Application to KiiunielH.— 
Ocneril ■md Statistical Cliuptei —The IliHtory of Euaniela and tlieii Li sea —Indbx. 

‘ Combinea the theory and i>raetico of enamelling in a most cttcctive manner.' — /i'oU and Steel 
Trades’ domtial 


In JVIcd. 8 yo. Uniform witli tlie above. 6 b. net. 

The Technolog’y of 

Iron Enamelling and Tinning. 

0 By JULIUS GRONWALI). Dk., Inc. 

Tian.slatod by H. If. Hodgson, M.A., B.Sc., Ph.D. 

CovTKNTK —The Ilistoiy of the JCnamels amt tin ir Te< hiiology —Economic SiciiKicance of tlin 
Slieet-Irou Enaiiielling Industry —Chemical Teilinology of the Enamelling Indiistiy — Pltmnicl 
M inufiu tnre .and tho Finn fiou of Clay iii the Jln.iiiul —J’uipic ol ( isaiiis — The Exainlnition ot 
Enamels tor Cast Iron The Stilleiiing ot Enaimis when giouiid Moist by means of Velinles — 
IleHtiiig and Pickling of Itoiigli lion Waiefc — 'llip Pukluig Protcas — Clu ml< il Coiiiiiosit ion of on 
Enamel — Tmiung — iTin lUmvi ry — D lugci of la .id ( omiiounds 'ITii Disc.ihp — Procediiie in an 
Enaiml Works —Ednc itional TT uninp of Maiiageis for Enamel Works — Inpbk. 

“TheaiiLlim of this book lias ilone imn h to put oui kinmledgiMif the snbjeit upon a 

scitritUic lusis —jeounUi y Ti (t<fi Jmirtial 


In Cloth. J’|) lj,\i -f 2‘J'5 Cinfoim with Iht Authoi’b Ollier Works, ss. 6d. net 

THE RAW MATERIALS OF THE ENAMEL INDUSTRY 

AND THEIR CHEMICAL TECHNOLOGY. 

By JULIUS GRONWALI), Du., Tnc. 

Translated by II. H. IIoix.son, JNI.A., B.Sc., Pb.D, 

CoNTFs fs — Kel.siiii — tiuail/ — Fiuorsp.ir 01 Ehioiite - Cl iv (Aluiiiiiio Siln itos), Boi.iv and 
Boric Acid - Cryoldt and its .Sulistitutes ami ds iMimfiotis in Envnud Maniiiaetnrc —Pyiolu.slti . 
—Tin ttxulc — DtliPi Willie Coloiiiiiig Agi ids —Nickel OmiIph —Cobalt Dvide and its CoinpoundH, 
— Hodiuin Caiboiijifi — Sillptire —Potash —Some Inipoilant Eii.iiiieiling Pigiiicnls — Ceneral 
Eiiainel llci ipc 9 — iMjy.x 

In Medium 8vo. IIand.soino Cloth. Illustrated. Pp. i-xi.x + 359. 258.net.' 

CELLULOID. 

ITS UTANUPACTURE, APPLICATIONS, AND SUBSTITUTES. 

Translated from the French ol Massici.on, Robi uts, and Cii-lard. 

By H. ll. HODGSON, M.A.(C.imb.), B.Sc. (Loud.), Ph. D.( Heidelberg). 

^’oN'fRNTs - Coniposit ion, OriKin, Propo) ties - Nitiocellnlose.— C'oninu reial Niti iitiun 
Processes.— BluixeliiiiK of Cellulose.'- laying - .Steeping.- fetaumig of Celluloid — llollitig, 
Compression —Cutting luid l)ies.smg - I’uIks. WasU - Aimljses — Mecli.iiilcal 'i’c.sts. 
Iiitlaimiiability.— Piecaiitions in Celluloid Woiks — iNPKX. 

.Second EpittoN, ' riioronghly Revised. P.L -stt 1 luonKliout. In Liiige S\u. Cloth. 

Pp. i-x\ i h'ifiO. With FioiitispicLe uul 'iS othei lllustr.itioiis. 7a. Od. net. 

THE MANUFACTURE OF INK. 

A Handbook of the Production and Properties of Printing, Writing, and 
Copying Inks. 

By C. a. MITCHELL, RA., F.I.C., F.C.S., & T. C MEPVVORTH. 

CoNTKNTS, — Introduction.— Carbon and Carbonaceous Inks, — Tanuin Mater'At's for 
Inks. — tiaturo of Inks. — Manufacture of Iron Call Inks. — Logwood, Vanadium, and 
Aniline Black Inks. — Coloured Writing Inks. — E.iumlnatlon of Wrltlrtg Inks. — klorly 
Methods of Manufacture. — Manufacture of Vurolsli — Preparation and Incorporation cf 
the Pigment. — Coloured Printing Inks.— Copying Inks — JMarking Inks. — Safety Inks and 
Papers.— Sympathetic Inks. — Inks for Special I’urposca ‘—English Patents. — I ndex. 
“Thorougtdy welj^^anged . . . and ofa genuinely practical order ” — Britnh PrietUr , 
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PAINT$, COLOURS, DYEING, AND THE TEXTILE 
INDUSTRIES. 


TREATISE ON COLOUR MANUFACTURE (Preparation, ExamlnaUon, and 
Application of Pigments). By Geobgb Zerb and Dr. Rubbnoamp. 
English Edition by Dr. C. Maykh, of Burgdorf. Profusely Illustratod. 
30s. not. 

TESTS FOR COAL TAR COLOURS IN ANILINE LAKES. By Georob 
Zerr. Translated by Dr. C. Mayer. In Medium 8vo. Cloth. 
lOa. 6d. net. 

PAINTING AND DECORATING. A Complete Practical Manual. By W. J. 

Pearce. PotrnTH Edition, Revised and Enlarged. Profusely Illus- 
trated, and with many Plates in Colours. l2s. 6d. 

IDEAS AND STUDIES FOR STENCILLING AND DECORATING. By A. 
Desaint. In Medium Quarto. With Designs in Colour and Colour 
Scheme. ^ 

PAINTERS' COLOURS, OILS, AND VARNISHES. G. H. Hurst, F.C.S 
Fifth Edition, Revised and Enlarged, by Noel Heaton, B.So., 
with Chapter on Varnishes by M. B. Blackleb. 10s. 6d. net, 
PAINTERS’ LABORATORY GUIDE. By G. H. Hurst, F.C.S^ In Crown 
8vo. Cloth. With Illustrations. Ss, 

DILS, RESINS, AND PAINTS. By Harry Inole, D.Sc., Ph.D., F.I.C. 
In Three Volumes. Sold separately. 

A MANUAL OF DYEING. By E. Kneciit, Ph.D, Chr^Rawson, F.I.C., 
and R. Loev?bnthal, Ph D. Third Edition, Thoroughly Revised 
and Rewritten. 

SYNTHETIC DYESTUFFS, and the Intermediate Products from which they 
are Derived. By J. C. Cain, D Se., and J. F. Thorpe, Ph.D. Second 
Edition, Revised, With 7 Folding Tables. 16s. net. 

THE ANALYSIS OF DYESTUFFS. By A. E. Green, M.So. Second 
Edition. Ss. 6d. net. 

DICTIONARY OF DYES, MORDANTS, AND OTHER COMPOUNDS. By 

Cur. Rawson, F.I C.. W. M, Gardner, F.C.S., and W. F. Laycock, 
Ph.D. In Largo 8vo. Cloth, Library Style, Reprinted, 16s, net, 
SPINNING AND TWISTING OF LONG VEGETABLE FIBRES (Flaw, Hemp, 
Jute, Tow, and Ramie). By H. R. Carter. With Plates and Illustra- 
tions in the To.vt. 108. not. 

THE COTTON WEAVERS' HANDBOOK. By H. B. Hbvlin. In Cloth. 
Fully Illustrated. 6s. net. 

BUYERS AND SELLERS IN THE COTTON TRADE. By H. B. Heylin 
W ith Chronological and Statistical Chart. 83. Od. net. 

TEXTILE FIBRES OF COMMERCE (Occurrence, Distribution, Preparation, 
and Uses). By W. I. Hannan. In Cloth. With Illustrations. 9s. net. 
BLEACHING AND FINISHING OF COTTON. By S. R. Trotman, M.A., 
and E. L. Thorp, M.I.Mech.E. 16s. not. 

TEXTILE PRINTING. By E. Kneoht, Ph.D., and J. B. Fotheroili.. 

With 13 Pates and 86 Patterns in the Text. 303. net. 

FEXTILE PRINTING, By C. F. S. Rothwell, F.C.S. Illustrated. 21a. 
DYEING AND CLEANING. By Frank J. Farrell, M.Sc. In Cloth, 
With 76 Illustrations. Third Edition. Enlarged. 5a net. 
BLEACHING AND CALICO PRINTING. By Gboroe Duerb, Assisted by 
^Wm. Turnbull. Cloth. 128. 6d. ' ^ 
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In Medium 8vo. Handsome Cloth. Pp. i-xvi + 616. With 13 Plates 
and 80 Illustrations, also 86 Patterns inset in Text. 36s. net. 

The PRINCIPLES & PRACTICE of TEXTILE PRINTING 

By E. KNRCHT. Ph.H, and J. B. EOTHERGILL. 

CoNxbnts. — P art I. Introduction. -Pint II. Methods of Printing'. —Part III. Pie- 
paratlon of Cioth for Pi intine.— Part IV. Prcpaiatlon of Printing (Jolouis. — Part V. 
Treatment of Goods after Printing.— Part VI Mordants.— Part VTl. btyles of Pilnting : 
fa) Direct^ (6) Dyed, (c) Insoluble A/o-Colour; (d) Uiachaigc; (c) Resist or Reservo; 
f,/) Raised; (j;) Piintlng of Linings; (A) Metal Piinting; (i) ('lepon or “CHmp. 
Fait VIIT Finialung of Printed Calicoes — Part IX. Wool and Half Wool ITlntlng.— 
Part X. HHk and Half Silk Printing -Index. 

This important book . . . fills an admitted gap in textile literature 
very systematic."— Joumai o1 Soeidy of Dyert and Colourisis. 


In Medium 8vo. Handeome Cloth, Pp. i-xi + 347. With 131 
• Illustrations. 16s. not. 

THE BLEACHING AND FINISHING OF COTTON. 

By S. R. TROTMAN, M.A., E.I.C., and K. L. THORP, M.I.Mecii.E. 

Contents. -*Sti net m « of Cotton Fibi e. — Constituents of Cotton Fibi o,— Cotton Testing. 
—Carbohydrates. -Water.— lUcteila in Bleaching —Cotton Piece Goods.— Htceping.- 
Transmlsblon of Cloth.— Alkali Boiling —Noap.- Soap Making.— Organic Solvents. — 
Keirs.'-Waaliiiig Machines — Blcatbing .nnl Bleaching Powder. -Bleadnng and Souring 
Apparatus.-- Sodium Hypochlorite .and Kloctiolytic Bleaching Solutions —Other Bleat.Ji- 
ing Agents -Sonnng*Aoid8 and Sounng Appaiatns —Processes —Coloured Goods.— 
Stains and Discolounitions —t'r idling and Matciials Used.— Mangling, Drying, and 
Conditioning — Stiiremng a id Mangles — Auxiliary Machines and Processes. -Nteuters.— 
Beetling.— Ciilcndei ing.— Kinishing Processtb - Index. 

“Dtserveatho attention of practical bleachers, and we can recoimnend it to them 
with confidence "—Tixlile MacMm. 


lu Modiiim 8vo. Cloth. Pj). i-xvi -f 360. Witli IGl Illuntrationa. 

163. not. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

•^FLAX, HEMP. JUTE. TOW, & RAMIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

, By HERBERT B. CARTER, of Belfast, Ghent, and Lille. 

Contents. — Long Vegetable Fibres of Commerce. — Rise and Growth of the Spinning ' 
Industry, — Raw Fibre Markets and Pureliaao of Mahrlals.— Storing and Preliminary 
Operations of Batching, .Soitening, Tvniflng, Breaking, and Cutting. -—Hackling by Hand 
and Machine, Cost and Speed of Maciiiuiiig.— Sorting, and Management of Hackling 
Dept.— Preparing Department. — Sllvi'r Formation. — Tow Carding and Mixing— Pre- 
puing. Drawing and Doubling, and Tow Combing — Gill Spinning. — Ropo Yarn. — Binder 
Thvino, — Trawl Twine and Shoo Threads. — The Flax, Hemp, Jute, and Ramie Roving 
Frarao.— Dryand Demy-Sec Sin nnlng of Flax, Hemp, .lute, and Ramie. — Tile Wet Spinning 
of I’lax, Hemp, and Ramie Yarns.— Fl.ix, Hemp, Jute, and Ramie Waste Spinning,— 
Yam Reeling, Winding Drying, Cooling, and Bundling. — Manufacture of Threads, Twines, 
and Cotde,— Rope Making. — Weight of Ropes. — Mechanical Department : Repairs.— 
Fluting. — Hackle-Sotting. — Wood Turning. -Oils and Oiling. — Mill • Construction ; 
Heating- I.tghting, Ventilation, and Humidification.— Boilers, Engines, etc. — Power 
Transmission. — Index. • 

" The WHOLE sunjEOT is exhaustively and adly dealt with by Mr, Carter, and 
the letterpress is illustrated by an auitndanob ok excellent plates. . . , The 
book is THE WORK OF A TEOHNIOAL EXPERT, Who Can put hls knowledge Iiitx) plain English, 
and it is WORTH the attention of all concerned with the Industries treated oL’‘~The 
Dyer and Calico Prints. 
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A TEXT-BOOK OF PHYSICS. 

By J. H. POYNTINO, So.D., P.R.S., 

Professor of Physics, Birmingham tJniversIty, 

And Sir J. J. THOMSON, O.M., M.A., P.R.S,, 

Professor of Experimental Physics lu the University of Cambiidge. 

In Five Volumes. Large 8vo. Sold Separately. 

Introductory Volume. Fivtu Edition, Revised. Fully Illustrated, 
lOs. 6d. 

OR MATTER, 

OowT*MT8, — Gravitation. — The Acceleration of Gravity. — Elasticity. ~ Stressei an<l 
Strains. — Torsion —Bending of Rods — Hplrai Spilngs —Collision.— CompresBibllity of 
Liquids.— Pressnres and Volumes of Gases — Thermal Effects Accompanying Strain - 
Oapitlarlty —{Surface Tension —Laplace’s Theory of Capillarity —inffusion of Liquid.— 
Dlnnslon of Gases — ViscoHlty of Liquids — Indkx 
" We regard tide book as quite liidispeiiaable not nieioiy to teachers tint to physicists of evsry 
grade above the lowest.”— uwvertttu Correijxmdsal. 


Volume IL Si.ktu Edition. Fully Illustrated. Price 8s. 8d, 

SOUND. 

OoMTEMTS —The Nature of Hound and its chief Characteristics —The "elooity of Hound 
In Air and other Media —Kefleotion and Refraction of Sound —Frequency and Fitch of 
Notes,— ^Bonance and Forced Oscillations —Analysis of Vibrations — Tiie Transverse 
Vibrations of Stretched Strings or Wires — IMpes and other Air Cavities — Rods.— Platei 
—Membranes —Vibrations maintained by Heat — Seneltive Flames and Jets.- MnaltaV 
Sand.— The Superposition of Waves - Inui'X 

“The work . . may bo recommended to anyone deslronft of poHsesslng an Blsv 

vi’-to-DATS Stahdabd Trbatisr on Aconstlcs.’ — Lifwaim t 


Volume III. FouRTri Edition, Revised. Fully Illustrated. Price ICs, 

HEAT. 

CONTENTS.— Temperature. —Expansion of Solids —Ijiiiuld,s,— Oases. — ClrculatlOD 
and Convection.— Quantity of Heat; Specitte Heat.— Conductivity.— Foims of Energy; 
Conservation ; Mechanical Equivalent of Heat. - The Kinetic 'I'heory - Change of State ; 
liquid, Vapour. — Critical Points —Solids and Liquids. — Atmospheric Conditions.— 
Radiation —I'heory of Exchanges.— Radiation and 'reinperature.— Thermodynamics.— 
Isothermal and Adiabatic Changes — lliermodynamics oi Changes of State, and Solu- 
tions.— Thermodynamics of Radiation. —Index 

“Well up-to-date, and extremely clear and exact throughout. . . As dear as 
would bo possible to make such a text-book "--NaUire. 


Volume IV. In Three Parts — T wo Round Volumes. 

ELECTRICITY & MAGNETISM. 

PARTS I. & II. In Cloth. }'p. i-xiv -t- ‘J4<). Piico 10s. 6d. 

STATIC ELECTRICITY AND MAGNETISM. 

CONTKNTS.^ — fJommon Phenomena. — Quantity of Eloctrification. — ‘‘Inverse Square" 
Systems.— -Electric Strain produced in n Field. -Force on a Small Charged Bo^ in the 
Field. — Potential. — JSnergy in KIcciriflt'd Systems.— Mi asiiniig Potential and Cfapaclty. 
—Dielectric, Specific Inductive Capacity, Residual Effects.— Spec Ind. Capacity and 
Refractive Index. — Stress in Dielectric.— Alteration in Dickctric under Strain. — Pyro- 
and Plozo-electriclty.— Magnetic Actions — Molecular IlyiKithesis of Magnets. — Magnet# 
other than Iron. — Inverse Square Law, — Magnetic Fields. — Induced Magnetism. — 
Permeability,— jMcasurcments of Susceptibility and Permeability. — Terrestrial Magnetism 
— Magnetism and Light.— Index. 

‘‘The student of Physics has only to know of its cxisUnce and its authors In order to 
possoos it " — Electrical Timeit. 

PART HI.— Ib in the Pro88. 
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